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(57) An information recording technique for forming 
a recording mark with a multi-pulse sequence, which is 
increased by one pulse with an irradiation power Pw for 
every increase of 2T in a temporal length nT of the re- 
cording mark is provided. Particularly, this technique re- 
alizes a recording strategy that is simple in its configu- 
ration but is. capable of improving the consistency of 
mark shapes in forming the recording marks when the 
value n of the temporal length nT is an odd number. 
More specifically, when n is an odd number and n^7, a 
period from the fall of a first pulse to the fall of a second 
pulse is set to 2.5T and a period corresponding to a last 
pulse is set to (2+S n o)T where the value of 8-,o is opti- 
mized within a range of 0 < S^o S 1. In this way, the 
multi-pulse sequence can be adjusted from the front 
pulse side and the rear pulse side so that an overall con- 
sistency can be realized in the mark shape upon record- 
ing the mark. At the same time, when nS4, the fall of 
the first pulse is synchronized with a basic clock, and 
the fall of the second pulse and the rest of the pulses 
except forthe last pulse are also synchronized with the 
basic clock by irradiating the pulses at periods of 2.5T 
or2T. In this way, the design of a recording strategy gen- 
eration circuit that generates the actual recording strat- 
egy can be simplified. 



F1G.4 

ijijiJiJinjT-n-r 




Q. 

LU 



Printed byJouve, 75001 PARIS (FH) 



EP 1 361 570 A2 



Description 

BACKGROUND OF THE INVENTION 
* 1. Field of the Invention 

[0001] The present Invention relates generally to an information recording method, an information recording appa- 
ratus, and an optical information recording medium. More particularly, the present invention relates to an information 
recording method suitable for recording information on a phase change optical information recording medium such as 
10 a CD-RW, a DVD-RAM, a DVD-RW, or a DVD+RW using an information recording apparatus. 

2. Description of the Related Art 

[0002] In recent years, there has been a growingdemand forhigh speed recording on an optical information recording 
is medium. In turn, technologies for increasing the recording speed of the disk type optical information recording medium 
are rapidly developing since the recording/reproducing speed in this type of optical information recording medium can 
be increased by simply increasing its rotational speed. Particularly, an optical disk (disk type optical information re- 
cording medium) that can record information simply through intensity modulation of light that is irradiated upon recording 
is becoming increasingly popular these days. The simplicity of the recording mechanism of this type of optical disk 
20 enables a reduction of cost of the recording medium as well as the recording device. Also, since the intensity-modulated 
light is also used in the reproduction of the information, excellent compatibility can be realized with a reproducing-only 
apparatus. With the increase in the capacity of electronic information in recent years, there is presently an even greater 
demand for higher density and higher speed in the information recording technology. 

[0003] The above described optical disk that is further characterized by using a phase change material is becoming 
2s the mainstream optical recording medium since it can be rewritten numerous times. In the optical disk using the phase 
change material, recording is performed by modulating the intensity of the irradiated light beam and creating a rapidly 
cooled state and a slowly cooled state in a recording layer material. When the recording layer material is rapidly cooled, 
an amorphous state is created, and when it is cooled slowly, a crystalline state is created. Thus, optical information 
can be recorded owing to the difference in optic physical properties between the amorphous state and the crystalline 
30 state. 

[0004] The recording principle of the above optical disk uses complicated mechanisms of 'rapid cooling' and 'slow 
cooling' of the recording layer material. Thus, in high speed recording, the recording light undergoes a pulse division 
and a three-level intensity modulation to then be irradiated onto the recording medium. For example, this recording 
method is disclosed in Japanese Patent Laid-Open Publication No.9-21 9021 , Japanese Patent Laid-Open Publication 
35 No.9-138947, Recordable Compact Disc Systems Part III ("Orange Book Part III") version 2.0, Recordable Compact 
Disc Systems Part III ("Orange Book Part III") Volume 2 version 1 .1 , and DVD+RW Basic Format Specifications version 
1.1. 

[0005] FIGS.1A-1D are diagrams for illustrating the above recording method, wherein a mark shown in FIG.1A is 
turned into data as shown in FIG.1 B where marked portions correspond to 'High' and unmarked portions correspond 

40 to 'Low 1 . The above recording method is suitable for use in mark length recording or mark space recording. The mark 
has a temporal length that is an integer multiple of a basic clock period T. That is, the mark to be recorded has a 
temporal length nT where n is a natural number. The value range for the natural number n varies depending on the 
modulation method. In a compact disk system, n is within a range of 3-1 1 . In a DVD system, n may take a value within 
the range of 3-11 or 14. In this drawing, n is set to n=6. 

45 [0006] In the above described prior art, in order to form a mark with a temporal length of nT, an m number of multi 
pulses are irradiated as shown in FIG.1 C. The number m depends on the value of n, and their relationship is either 
m=n-1 orm=n-2. This is because the minimum value of n in a CD or DVD is 3. Also, an irradiation period of the pulse, 
that is, the rise period of each pulse is 1T, as shown in FIG.1C where m=n-1, and in FIG.1 D where m=n-2. However, 
in either case, the period and width of a first pulse is independently set. 

so [0007] This recording method is characterized in that an increase of 1T in the mark length can be accommodated 
simply by adding one more pulse, and is thus very suitable for mark length recording. 

[0008] However, when the recording speed is increased, the basic clock frequency increases. For example, in a 24x 
high-speed CD-RW, the basic clock frequency is 104 MHz, and in a5x high-speed DVD-RW or DVD+RW, the basic 
clock frequency is 131 MHz. Thus, when recording is performed according to the conventional recording method (re- 
ss cording strategy) in these cases, the rise time and fall time of the pulse will take up a large portion of the total pulse 
irradiation time thereby decreasing the effective irradiation light energy, namely, the integration value. 
[0009] FIGS.2A-2C are exemplary diagrams illustrating the above effect. In these drawings, the dotted lines show 
the ideal irradiation waveforms and the solid lines show the actual light emission waveforms. In FIG.2A, the actual light 
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emission waveform is not rectangular as indicated by the dotted lines because of the time required for the rise and fall 
of the pulse. Thus, the pulse has a waveform as indicated by the solid line. When the basic clock is sped up further so 
that the rise time and fall time take up an even larger portion of the total irradiation time in the basic clock period, the 
irradiated pulse will be unable to reach a sufficiently high peak power Pw and a sufficiently low bottom power Pb as 

s shown in FIG.2B. That is, the peak power Pw will be A Pw lower and the bottom power Pb will be A Pb higher than the 
desired level. When the peak power Pw is lowered, there will be a decrease in the volume of material that can rise in 
temperature to a level sufficient for the material to turn amorphous. Also, when the. bottom power Pb is not low enough, 
rapid cooling will be hampered thereby causing a re-crystallization of the material. This. causes a decrease in the 
reproduction signal amplitude leading to a significant degradation of the reproduction reliability. 

io [0010] In order to solve the above described problem, a light source (laser diode and its drive unit) that can realize 
light emission with a short rise time and fall time is needed. However, to effectively function with a frequency above 
1 00 MHz, the rise, time and fall time need to be below 1 ns, which is very difficult to realize with the present technology. 
[0011] Thus, in Japanese Patent Laid-Open Publication No.9-134525 and in U.S. Patent Application No.5732062, 
a technology for high speed recording using the conventional light emission source is disclosed. According to these 

15 prior art inventions, the number of irradiated recording pulses are reduced so that the mark having a length that is n 
times the basic clock period T, that is, the mark with a temporal length of nT, is formed through irradiation of m pulses 
where n=2m when n=even number, and where n=2m+1 when n=odd number, as opposed to the conventional art where 
n-1 pulses are irradiated for the same mark. For example, in a CD-RW that uses the EFM modulation (Eight to Fourteen 
Modulation; 8-14 modulation), n is a natural number within a range of 3-11 . Thereby, in the conventional art when n=3, 

20 4, 5, 6, 7, 8, 9, 10, and 11 , the corresponding irradiation pulse numbers are: 2, 3, 4, 5, 6, 7, 8, 9, and 10, respectively. 
On the other hand, according to the methods disclosed in Japanese Patent Laid-Open Publication No.9-134525 and 
U.S. Patent Application No.5732062, when n=3, 4, 5, 6, 7, 8, 9, 1 0, and 1 1 , the corresponding irradiation pulse numbers 
are: 1 , 2, 2, 3, 3, 4, 4, 5, and 5, respectively. In this way, the pulse number can be reduced approximately by a half of 
the number of pulses used in the conventional art. Accordingly, the irradiation time of one pulse changes from 0.5T for 

25 the irradiation of n-1 pulses to 1T, which is double the conventional irradiation time, so that influence from the rise time 
and fall time can be reduced. 

[0012] On the other hand, since the same number of pulses (m pulses) are irradiated to form recording marks with 
differing lengths 2mT and (2m+1 )T, the irradiation period cannot be fixed. That is, when forming a recording mark with 
a length nT when n=2rn, an irradiation time (the time when P=Pw) and a cooling time (the time when P=Pb) of a given 
30 pulse has to be made shorter compared to- a case in which a recording mark with the length nT when n=2m+1 Is 
recorded. 

[0013] In Japanese Patent Laid-Open Publicatidn No.2001 -331 936, a recording method using an m number of multi- 
pulses for forming a recording mark with a temporal length of nT wherein n/m§l .25 is disclosed. As In the above 
Japanese Patent Laid-Open Publication No.9-1 34525, this patent application also describes the technology for record- 
35 ing marks with differing temporal lengths nT both when n=2m and n=2m+1 by irradiating the same number of pulses 
(m pulses). Herein, the irradiation time of the pulse is adjusted by modifying the irradiation time and cooling time of the 
first pulse and last pulse. 

[001 4] However, basically, according to the above methods, the irradiation time and the cooling time of all the pulses 
for each of the various mark lengths have to be defined. In turn, 69 parameters will be needed in the EFM (B-14 

40 modulation) that is used in acompact diskand 77 parameters wili be needed in a EFM+ (one type of the 8-1 4modulation) 
used in a DVD. Thus, various techniques for reducing the number of parameters needed for defining the pulses are 
being proposed. For example, the irradiation time of a first pulse when m§3 can be made to conform to a uniform 
length instead of being based on n, or the irradiation time and the cooling time of the middle pulses (the pulses other 
than the first and last pulses) can be made to conform. However, in the above examples, when m=1 or 2, that is, when 

45 nS5, the parameters have to be set individually for each case. Therefore, a very large number of parameters will still 
be needed for defining the recording light emission waveform (recording strategy). Further, when the recording speed 
(scanning velocity) varies, a different recording pattern is needed foreach recording speed. In such case, the irradiation 
time when P=Pw (i.e. the actual time of the pulse width as opposed to the relative time with respect to the clock period 
that can change depending on the recording speed) can be made to have a uniform length regardless of the recording 

so speed. 

[001 5] Also, in a WORM (write once, read many) optical disk or a rewritable optical disk as represented by the CD-R/ 
RW or the DVD+-R/RW, parameters relating to the recording conditions of the disk are normally preformatted on the 
disk itself. For example, the preformatted disk information may be in the form of ATIP (Absolute Time in Pregroove) 
Extra Information in a CD-R/RW, or ADIP (Address in Pregroove) Physical Information in a DVD+R/RW. The prefor- 
55 matted disk information includes basic features such as the type of disk and the version of the disk standard, parameters 
needed for calculating the recordable scanning velocity and the optimum recording power in a test recording, and 
parameters that specify the optimum recording strategy. As tor the parameters that specify the optimum recording 
strategy, there are e (=Pe/Pw), and Strategy Optimization (dT top , dT era ) according to CD-RW standard specifications, 
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and T top , dT top , T mp , cfT era , e,, e 2 , according to DVD+RW standard specifications. 

[0016] The information recording apparatus reads the above information upon recording information on a disk, and 
determines the recording strategy. Thus, it is preferable that detailed parameters be provided so that the recording 
device can determine an accurate recording strategy. However, detailed parameters will lead to an increase in infor- 

s mation capacity requirements. Particularly, In a CD-R/RW system, the information capacity for recording the prefor- 
matted information is limited and in the case of a CD-RW, information worth 21 bits x 6=126 bits is the maximum 
capacity for the preformatted information. To pre-format additional information, an area has to be newly defined in an 
unused area in either the outermost portion or the innermost portion of the disk such as the XAA (extra additional 
information area) in a multi-speed CD-R, or otherwise, the information has to be recorded using a pre-pit and the like. 

10 [0017] As described above, the recording device reads the preformatted disk information upon recording information 
on the disk and sets the optimum recording strategy. When each disk has a large amount of parameter information, 
the processing of the information content becomes complex thereby causing the strategy generation circuit to be com- 
plicated. 

[001 8] Also, as mentioned earlier, it is preferable that the pulse irradiation time be arranged to be uniform. However, 
is since marks with different lengths 2mT and (2m+1)T are recorded by irradiating the same number of m pulses, it is 
impossible to fix the irradiation period to a uniform time period. In the above case, when the irradiation period of a mark 
with length nT (where n=2m or n=2m+1 ) is set according to the value of n, the strategy generation circuit will be very 
complicated. That is, the irradiation period will have to be set individually for each case, and when the irradiation pulse 
timing is set individually as opposed to being in accordance with the basic clock timing, the circuit design becomes 
20 extremely complicated. 

[0019] Also, under the restriction of having to record marks having differing lengths 2m and 2m+1 with the same 
number of m pulses, if the method according to the so-called "Orange Book Part III" is used, wherein only the pulse 
width of the last pulse is adjusted when the value n of the mark with length nT is an odd number, the difference in the 
irradiation between the last pulse and the rest of the pulses will be too distinct and the mark formed will not have a 
25 consistent shape (the mark corresponding to the last pulse is likely to become larger). As a result, reproduction signals 
for this recording mark will have a distorted waveform, causing an increase in the generation of jitters. 
[0020] Also, for the reasons described above, the determination of the recording strategy is preferably realized with 
few parameters but with accuracy. 

30 SUMMARY OF THE INVENTION 



[0021] It is an object of the present invention to provide an information recording method, an information recording 
apparatus and an optical Information recording medium in compliance with a recording technique forformlng a recording 
mark with a multi-pulse sequence, which is enhanced by one Irradiation power Pw pulse for every increase of 2T In a 
35 temporal length nT of the recording mark, this recording technique being applicable to high speed recording, wherein 
distortion of the waveform of a reproducing signal for the recording mark can be reduced by determining a recording 
strategy that can realize improved consistency in the shape of the recording mark being formed when the value n of 
the mark length nT is an odd number. 

[0022] Also, it is an object of the present invention to provide an information recording method, an information re- 
cording apparatus and an optical information recording medium in compliance with a recording technique for forming 
a recording mark with a multi-pulse sequence, which is enhanced by one irradiation power Pw pulse for every increase 
of 2T in a temporal length nT of the recording mark, this recording technique being applicable to high speed recording, 
wherein the circuit design for realizing the above technique can be simplified. 

[0023] Additionally, it is an object of the present invention to provide an information recording method, an information 
45 recording apparatus and an optical information recording medium in compliance with a recording technique, wherein 
only a few parameters are set to determine an optimum recording strategy for a plurality of scanning velocities as 
opposed to a recording technique for high speed recording that uses a large number of parameters to determine a 
complex recording strategy. 

[0024] More specifically, the present invention provides an information recording method for recording information 
50 on an optical information recording medium using a mark length recording scheme in which a temporal length of a 
recording mark is represented as nT where n denotes a natural number and T denotes a basic clock period, wherein: 

the recording mark is formed by a multi-pulse sequence, which is increased by one pulse with an irradiation power 
Pw for every increase of 2T in the temporal length nT; and 
55 a recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

when ng4, the fall of a first pulse of the multi-pulse sequence is synchronized with the basic clock; and 
when n is an odd number and n£7, a period from the fall of the first pulse to the fall of a second pulse in the 



4 



EP 1 361 570 A2 



multi-pulse sequence is arranged to be greater than 2T and in synchronization with the basic clock, periods 
of pulses after the second pulse except for a last pulse of the multi-pulse sequence are arranged to be 2T, 
and a period from a fall of a second to last pulse to the fall of the last pulse, denoted as 7,0, is set to T,o= 
(2+6,0)1 where 0<5 1 og1 . 

5 

[0025] According to another aspect, the present invention provides an information recording apparatus that records 
information on an optical information recording medium according to a mark length recording scheme in which a tem- 
poral length of a recording mark is represented as nT where n denotes a natural number and T denotes a basic clock 
period, the information recording apparatus comprising: 

10 

a rotational drive structure that rotates .the optical information recording medium; 

a laser light source that generates a light beam, which is irradiated on the optical information recording medium; 
a light source drive unit that administers the laser light source to emit light; 

a light emission waveform control unit that controls the light source drive unit when a recording strategy relating 
15 to a light emission waveform of the light beam generated by the laser light source is set; and 

a speed control unit that controls a relative scanning velocity between the rotation of the optical information re- 
cording medium and the light beam irradiated on said optical information recording medium, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
20 that: 

when n&4, the fall of a first pulse of the multi-pulse sequence is synchronized with the basic clock; and 
when n is an odd number and nS7, a period from the fall of the first pulse to the fall of a second pulse in 
the multi-pulse sequence is arranged to be greater than 2T and in synchronization with the basic clock, 
25 periods of pulses after the second pulse except for a last pulse of the multi-pulse sequence are arranged 

to be 2T, and a period from the fall of a second to last pulse to the fall of the last pulse, denoted as T^o, 
is set to T 1 o=(2+8 1 o)T where 0<S 1 oS1 . 

[0026] Further, the present invention according to another aspect provides an optical information recording medium 
30 on which information is recorded using the information recording method according to the present invention wherein: 

information of 5,0 as a parameterfor determining the time T,o is preformatted on the optical information recording 
medium. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

FIGS.1 A-1D show exemplary waveforms of a recording strategy according to the related art; 
40 FIGS.2A-2C show ideal irradiation waveforms and the actual light emission waveforms; 

FIG.3 shows exemplary waveforms of recording strategies according to an embodiment of the present invention; 

FIG.4 shows extractions of waveforms corresponding to the recording strategies for marks with various lengths; 

FIG.5 shows the relationship between a last pulse and a mark deviation; 

FIG. 6 shows the relationship between a pulse other than the last pulse and the mark deviation; 
45 FIG.7 shows how duty of an irradiation time changes in response to a change in a scanning velocity; 

FIG. 8 shows functions that change the duty of the irradiation time in response to the change in the scanning velocity; 

FIG.9 shows a plan view of an area distribution of an optical information recording medium; 

FIG. 10 shows a cross-sectional view of the structure of FIG.9; 

FIG. 11 shows a data format of an ATIP frame; 
so FIG. 12 shows pre-format areas assigned to each parameter in an address information portion; 

FIG. 13 shows examples of pre-formatted bit information; 

FIG. 14 shows a conversion table for a parameter T d1 ; 

FIG. 15 shows a conversion table for a parameter T^; 

FIG. 1 6 shows a conversion table for a parameter T^'; 
55 FIG. 1 7 shows a conversion table for a parameter T mp ; 

FIG. 1 B shows a conversion table for a parameter T mp '; 

FIG. 19 shows a conversion table for a parameter 6,0; 

FIG.20 shows a conversion table for a parameter Sg; 
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FIG.21 shows a conversion table for a parameter 83; 
FIG.22 shows a flowchart of a recording strategy generation process; 
FIG.23 is a block diagram showing a configuration of an information recording apparatus; and 
FiG.24 shows exemplary waveforms of recording strategies according to a modified embodiment of the present 
s invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] In the following, preferred embodiments of the present invention are described with reference to the accom- 
10 panying drawings. 

[0029] An embodiment according to the present invention is applicable to an information recording method and an 
information recording apparatus (including an information reproducing apparatus) for an optical information recording 
medium, particularly, a phase change optical information recording medium, on which information can be recorded, 
erased, or rewritten through intensity modulation of an irradiated light. 
15 [0030] Recording on an optical information recording medium is realized by irradiating and scanning an intensity- 
modulated light beam and forming a recording mark on the recording medium. The recording mark is formed on a 
recording layer of the recording medium through the light irradiating on an area that differs in optical characteristics 
from the rest of the layer portion. The information recording/reproducing apparatus reproduces the recorded information 
based oh the difference in optical characteristics of this recording mark portion. The state of the recording mark portion 
20 varies depending on the type of recording layer material used. In a case where a magnetic recording layer material is 
used, the recording mark portion is an area that differs in the magnetic field orientation, and in a case where a phase 
change recording layer material is used, the recording mark portion will be an area that has a different phase. In a 
rewritable optical information recording medium that uses the phase change material, which is currently the most 
popular recording medium, the recording layer material includes a crystalline phase and an amorphous phase (non- 
25 crystalline phase). Examples of the phase change recording layer material are SbTe alloy, GeSbTe alloy, AglnSbTe 
alloy, and GaGeSbTe alloy. In the phase change recording layer material, the crystalline phase and the amorphous 
phase have very different optical properties, and thus, information can be recorded by forming an amorphous phase 
mark in the crystalline phase. Further, if a reversible phase transition between the crystalline phase and the amorphous 
phase can be realized, the recording medium will be a rewritable optical information recording medium. 

30 

(Information Recording Method) 

[0031] To form an amorphous mark in a crystalline phase, light condensed at the recording layer or its surrounding 
area is irradiated and scanned. As described above, an intensity modulated light beam is used for the irradiation. FIGS. 

35 3 and 4 show light emission waveforms (recording strategies) using intensity modulation, which is a prerequisite of the 
embodiment of the present invention. At the top of FIG.4, information that is to be recorded, indicated as 'DATA 1 , is 
shown. According to the information recording method of the present embodiment, information is recorded through 
mark length/mark space length modulation, which is a PWM (Pulse Width Modulation) technique applied to an optical 
information recording medium. In this recording technique, the length of the recording mark and the length of a mark 

40 space (blank space) are controlled by a unitT, which is the basic clock period. According to this technique, the recording 
density can be increased compared to a mark position modulation technique, which is another recording technique for 
an optical information recording medium. Thus, the mark length/mark space length modulation is used in optical disks 
such as the CD and DD (Double Density) CD, which use the EFM (8-14 modulation) scheme or the DVD, which uses 
the EFM+ (8-14+ modulation) scheme. In the mark length/mark space length modulation, it is important to accurately 

45 control the length of the mark and the length of the mark space. Specifically, both the mark and the mark space must 
have a temporal length of nT where T is the basic clock period and n is a natural number. 

[0032] In FIG.4, the horizontal axis represents the temporal length, and the vertical axis represents either the infor- 
mation that is to be recorded (for the 'DATA') or the intensity of the irradiated light (for marks 3T, 4T, 5T, 1 0T, and 1 1T). 
The sections of the 'DATA' positioned at a 'High' (see FIG.1B) level correspond to the mark portion. Since FIGS.3 and 

so 4 show exemplary waveforms obtained from the EFM (8-14 modulation) or the EFM+ (8-14+ modulation), n takes a 
value within the range of 3-1 1 or 1 4. FIG.4 shows extractions of the recording strategy when n=3. 4, 5, 1 0, and 1 1 . The 
recording strategy when n=1 0 shown in FIG.4 is a representative example of the recording strategy in cases where n 
is an even number that is greater than or equal to 6 (nS6). On the other hand, the recording strategy when n=11 is a 
representative example of the recording strategy in cases where n is an odd number that is greater than or equal to 7 

55 (ng7). As mentioned above, the vertical axis represents the intensity of the irradiated light (irradiation power) P. The 
intensity of the irradiated light or the irradiation power takes either one of three values Pw, Pe, and Pb, and the rela- 
tionship between the three values is: Pw>Pe>Pb. Hereinafter. Pw will be referred to as 'recording power", Pe will be 
referred to as 'erasing power 1 , and Pb will be referred to as 'bias power". When a light beam is irradiated at P=Pe, the 
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phase change recording layer will be turned into a crystalline state. That is, the mark will be erased (a mark space is 
recorded). On the other hand, when light is irradiated with an intensity modulation of P=Pw or P=Pb, the phase change 
recording layer will be turned into an amorphous state. That is, a recording mark will be formed. The powers (light 
intensities) of Pw, Pe, and Pb are determined based on the thermal characteristics and optical characteristics of the 
s recording phase material of the recording medium. However, it is preferable that the erasing power Pe be within a 
range of 0.2-0.6 w, and the bias power Pb be within a range of 0-0.1 w. 

[0033] The recording strategy according to the present embodiment uses each of an m number of on pulses with 
the power P=Pw and an m number of off pulses with the power P=Pb. The relationship between n and m is such that 
when n is an even number n., , n-,=2m, and when n is an odd number n 2 , n^m+1 . Consequently, the recording mark 

10 js formed by a multi-pulse sequence that has each of one on pulse and one off pulse added for every increase of 2T 
in the temporal length nT. Herein, the pulse width (irradiation time) of the i* (i=1 ,...,m) on pulse (P=Pw) for forming a 
recording mark with a temporal length of nT is denoted as T on (n, i). According to the present embodiment, the pulse 
period can be approximately doubled compared to the pulse period obtained using the conventional m=n-1 recording 
strategy in a CD-RW, DVD-RW, and DVD+RW. As a result, the length of T OI /T can be increased and the influence from 

15 the rise time and fall time of the power P can be reduced in relative terms. Thereby, the present embodiment can be 
applied to high speed recording in which the basic clock period is shortened. 

[0034] In the present embodiment, the irradiation time is not fixed and can be arbitrarily set; however, it is preferable 
that it be within a range of 0.5-1 .5T. That is, when the irradiation time is shorter than 0.5T, the time is too short to supply 
sufficient energy to the recording layer, thereby causing the width of the recording mark to be narrowed, the amplitude 

20 of the recording signal to be reduced, and the modulation capacity to be lowered so that the reproducing reliability of 
the recording medium is degraded. On the other hand, when the irradiation time T on is longer than 1 .5T, the time when 
the power P=Pb becomes relatively short, thereby making it difficult to maintain a rapid cooling state. As a result, 
although sufficient energy can be supplied to the recording layer, the size of the recording mark is reduced due to re- 
crystallization. Further, since the absolute amount of energy charged on the recording medium is increased, thermal 

zs damage is created in the recording layer and its surrounding areas when recording and rewriting (overwriting) is per- 
formed numerous times, this resulting in the degradation of the reliability of the recording medium. 
[0035] In the recording strategy according to the present embodiment, the irradiation time of the m* pulse (the last 
pulse), that is, T on (n, m), exerts the greatest influence on the length of the markthat is to be recorded. This is particularly 
the case when n=n 2 (odd number). In FIG.5, the relationship between the irradiation time T on (n, m) and the mark 

30 deviation is shown. The mark deviation D(n) can be represented by the formula D(n)=L(n)-nT, wherein L(n) denotes 
the reproduced mark length. That is, when D(n)=0, this means that there is no difference between the logical mark 
length and the actual mark length, and thus the desired mark length can be reproduced. When n is an odd number 
(n=2m+1), the irradiation time T on (n, m) becomes more dependent upon D compared to the case when n is an even 
number (n=2m). This is because marks having differing lengths n r T and n 2 -T are recorded using the same number of 

as pulses (m pulses). Since the mark length n 2 T is 1T longer than the mark length n r T, this difference needs to be 
compensated for by the pulse interval (irradiation period of each pulse) and the irradiation time T on (n, i) of each pulse. 
[0036] The pulse irradiation period is a factor influencing the consistency of the mark shape. When the pulse irradi- 
ation period of each pulse is not uniform, the shape of the recording mark is more likely to be distorted and as a result, 
the reproduced signal will also be distorted and jitter characteristics will be degraded (jitter will increase). This tendency 

40 is particularly evident in a case where the pulse irradiation time T mp is short, that is, a case where the pulse width for 
P=Pw is short and the time when P=Pb is relatively long. 

[0037] Therefore, it is preferable that the pulse irradiation period of each pulse be uniform. Further, it is preferable 
that this uniform pulse irradiation period be approximately nT/m. However, when the pulse period is set according to 
n, the recording strategy generation circuit will be complicated. 

45 [0038] In response, measures are made to simplify the recording strategy generation circuit. Specifically, when n is 
an odd number and ng5, the fall position of the first pulse is synchronized with either the rise or fall of the basic clock. 
For example, the fall of the first pulse may be positioned 2T away from the rise time of the logical data pulse (DATA 
pulse). Further, when n is an odd number and nS7, the period from the fall of the first pulse till the fall of the second 
pulse is set to be longer than 2T but still in synchronization with the basic clock, the period typically being 2.5T. The 

so periods of the rest of the pulses (from the third pulse and onward), except for the last period, are arranged to be 2T. 
The period from the fall of the second to last pulse (i=m-1 ) and the fall of the last pulse (i=m) is arranged to be (2+5^) 
T, where 8 1 o is set to take a suitable value within a range of 0<5 1 oS1 , so as to minimize the mark deviation D(n). 
Thus, in the case where n is an odd number and nS7, the multi-pulse sequence is suitably arranged by adjusting both 
the first and last pulses so that an overall consistency in the shape of the mark can be maintained in recording this 

55 mark, as opposed to adjusting only the last pulse in which case the consistency in the shape of the mark will be greatly 
sacrificed. In turn, the distortion of the waveform of the reproducing signal can be prevented and the jitter characteristics 
can be improved. Also, since the fall of the first pulse as well as the fall of the second pulse and the rest of the pulses 
except for the last pulse are all synchronized with either the rise or fall of the basic clock by setting the interval periods 
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to 2.5T or2T, the design of the recording strategy generation circuit that generates the actual recording strategy can 
be simplified. Further, by optimizing the irradiation time of each pulse, the consistency in the shape of the mark can 
be maintained. 

[0039] Additionally, in the case where n=5, the second pulse corresponds to the last pulse. Therefore, the period 

s between the fall of the first pulse and the fall of the second pulse will be (2+ 8 ^o)T, where 0<8 1 osi . 

[0040] When n is an even number and n§4, the fall of the first pulse is also synchronized with either the rise or fall 
of the basic clock. For example, the fall of the first pulse may be positioned 2T away from the rise time of the logical 
data pulse (DATA pulse). Further, when n is an even number and ng6, the periods of the second pulse and onward, 
except for the last pulse, are set to 2T so that the recording strategy generation circuit can be simplified. Also, the 

10 period between the fall of the second to last pulse (i=m-1 ) and the fall of the last pulse (i=m) is arranged to be (2+8^) 
T, where 8 is set to a suitable value within a range of 0<8 1 eS1 , so that the mark deviation D(n) can be minimized. 
Since the fall of the first pulse as well as the fall of the second pulse and the rest of the pulses except for the last pulse 
are all synchronized with either the rise or fall of the basic clock by setting the pulse periods to 2T, the design of the 
recording strategy generation circuit that generates the actual strategy can be simplified. Further, by optimizing the 

is irradiation time of each pulse, the consistency in the shape of the mark can be maintained. 

[0041] When n is an even number, the mark deviation D(n) is smaller compared to when n is an odd number. Thus, 
the period between the fall of the second to last pulse (i=m-1) and the fall of the last pulse (i=m) may be set to 2T to 
further reduce the parameters used in the recording. That is, when n is an even number and n£6, the value S-,e is set 
to 8 1 e=0 so that the periods of the pulses from the second pulse and onward, including the last pulse, all have uniform 

so lengths of 2T. In this way, the circuit design can be further simplified and the consistency in the shape of the mark can 
be improved further. 

[0042] Additionally, in the case where n=4, the second pulse corresponds to the last pulse. Therefore, the period 
between the fall of the first pulse and the fall of the second pulse will be (2+8 1 o)T, where 0<8 1 oS1 and if 8^=0, this 
period will also be 2T. 

25 [0043] In the present embodiment in which the mark length/mark space length modulation recording is performed, 
the mark space length is just as important as the mark length. In binary information, a mark and space are perceived 
as equals, and only the boundary between a mark and space is perceived as a point of significance. Normally, once 
the mark length is determined, the space length is automatically determined. However, in the present embodiment the 
space length is largely dependent upon the mark positioned before and after the space. That is, the space length of a 

30 space placed after a recording mark when n is an odd number and the space length of a space placed after a recording 
mark when n is an even number may have varying lengths. Thus, the space length needs to be controlled as well as 
the mark length according to the present embodiment. 

[0044] To optimize both the mark length and the mark space length, the starting time T d1 of the rise of the first pulse, 
and the deviation time T d2 of the starting time of the rise of the pulse to P=Pe after the m* off pulse with respect to the 
35 data termination time need to be controlled. Particularly, the deviation time T d2 exerts a significant influence on space 
jitters. This is because the deviation time T d2 is a parameter for determining the starting time of a space positioned 
after a recording mark. Thereby, this deviation time T d2 needs to be set to an optimum value according to each mark 
length. 

[0045] However, for a recording mark in which n£4, the deviation time T^ can be made to conform to a uniform time 
40 length. In this case, the deviation time T^ is preferably set to-1T§T d2 §+1T. More specifically, the deviation time T d2 
is optimally set to 

-O.STST^SO.ZST. 

45 

[0046] On the other hand, the rise starting time T d1 also exerts an influence on space jitter. Since T d1 and T^ are 
relative to each other, the range of T d1 when ng4 is preferably 

50 O.OW^+I.OT. 

[0047] In the above description , ways of forming a plurality of parameters into one uniform parameter in determining 
the recording strategy have been described. However, for the 3T mark, which is the smallest mark, the parameters 
have to be set individually. This is because in the 3T mark m=1 and its pulse corresponds to the first as well as the 
55 last pulse. Thus, the strategy pattern for the 3T mark will clearly be different from the strategy patterns where m£2. In 
turn, the pulse irradiation time T on (3, 1 ) needs to be set individually to T on (3, 1 )=T mp '. The pulse irradiation time T mp ' 
is optimized according to the thermal characteristics and the optical characteristics of the recording layer material and 
also the scanning velocity and the basic clock period forthe relevant recording. Further, the pulse irradiation time T mp ' 
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is preferably within a range of 0.5-2.0T. Similarly, times T d1 and also need to be set individually when n=3. In this 
case, T d1 is set to T C | 13 =T d1i + S2T, where 5 2 is preferably within a range of 0s5 2 gi and the deviation time T,^ when 
n=3, denoted as T,^', is preferably set to -1T§T d2 "S1T. 

[0048] As described above, in order to improve the consistency in the shape of the mark and the corresponding jitter, 
5 the recording power irradiation time of the last pulse T on (n, m) of the recording multi-pulse sequence and the recording 
power irradiation time of the other pulses T on (n, i) (i=1 through m-1) need to be optimized. However, it is known that 
the pulse irradiation times corresponding to the pulses other than the last pulse do not exert significant influences on 
the length of the recording mark. FIG. 6 shows a relationship between the mark deviation and the pulse widths of the 
pulses other than the last pulse. As shown in this diagram, the dependency of the pulses on the mark deviation is quite 
10 small regardless of whether n is an odd number (n^&n+t) or an even number (n 1 =2m), and there is no great difference 
between a case where n is even and a case where n is odd. Therefore, the recording strategy relating to the irradiation 
time T on (n, i) of the pulses other than the last pulse can be made to conform to a uniform recording strategy regardless 
of whether n is even or odd. 

[0049] That is. when 1 Si§m-1 , mS2 (i.e. at least two pulses are used), and n§4, all pulses can be made to conform 
is to a uniform pulse width regardless of the values of n and i. Thus, the irradiation time T on (n, i) can be expressed by 
the following formula: 

T on (n, i)=T mp (where T mp is a constant, ng4, and 1 gism-1) 

20 

In this case, it is preferable that the constant T mp takes a value within in a range of 0.5-1 .5T. 
[0050] Further, when n is an even number, the influence of the last pulse on the recording mark is also quite insig- 
nificant. Thus, when n is even the irradiation time of the last pulse T on (n lP m) may also be set to T^n^ m)=T mp 
regardless of the value of n-,. Note that this arrangement also applies to the case when the EFM+ is used and n=14. 

25 [0051] On the other hand, when n is an odd number, that is, when n=n 2 , the pulse width of the last pulse can be 
made to conform to a uniform length regardless of the value of n 2 on condition that mS2, namely, n 2 ^5. This is because 
the mark deviation D(n 2 ) is not greatly influenced by the pulse width of the last pulse and is substantially fixed regardless 
of the value of n 2 . However, if a pulse width with a length equivalent to that for n, is set, the odd number marks will 
tend to be relatively shorter than the even number marks as shown in FIG.4. Thus, to cause the mark deviations for 

30 the n-J mark and the n 2 T mark to conform to a uniform deviation D 0 , the irradiation time T on (n 2 , m) of the last pulse 
for n=n 2 is made 5 3 T longer than the irradiation time T on (n 1 , m)=T mp for n=n v Accordingly, 

T 0 n( n 2. m )= T on( n 1. m ) +6 3 T 

35 



40 T on( n 2> m )= T 1p ( n 2= 5 ' m = 2 ) 

[0052] A suitable value for 83 is determined according to the thermal characteristics of the recording layer of the 
optical information recording medium. It is preferable that the value of S, be within a range of 0-1 .0; more specifically, 
within a range of 0-0.5. That is, when 5 3 is above 1 .0, the length of the odd number mark will be too long. Also, when 
45 5 3 is above 0.5, the effect of the change in the power Pw of the last pulse will be too strong and the dependency of the 
mark length on the recording power Pw will be very different from that when n is an even number, thereby significantly 
narrowing the recording power margin. 

[0053] In this way, the irradiation time T on of each of the pulses can be made to conform to a uniform length T mp 
except for the last pulse when n is an odd number, 
so [0054] According to the above descriptions, the optimum recording strategy used in the information recording method 
of the present embodiment can be described with eight different parameters that are shown below: 




6^ 
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[0055] This is a significant reduction compared to the conventional method in which 69 parameters are used in the 
5 EFM (8-1 4 modulation) of the CD and 77 parameters are used in the EFM+ of the DVD. Further, since the time T d1 is 
dependent upon the time and can therefore be regarded as a fixed value, the substantial number of parameters 
used to describe the recording strategy is seven. 

[0056] Additionally, when the above recording strategy is implemented and the recording speed (scanning velocity) 
is changed, adjustments can be made by changing the irradiation times T mp ' and T mp with respect to the scanning 
10 velocity v for the relevant recording. The other parameters can remain fixed with respect to the basic clock period T 
(v). That is, the parameters standardized by the basic clock period T(v), namely, 5 ,ofT(v), 5 ^(v), 8 3 /T(v), T d1 /T(v), 
T d2 /T(v), and T d2 '/T(v) are fixed regardless of the recording speed (scanning velocity). 

[0057] The relationship between T(v) and v can be expressed by the formula T(v)=L^v given that the line density is 
fixed (i.e. the amount of information assigned to a line of one unit length in the scanning direction is fixed). Herein, Lq 
15 denotes the length corresponding to the basic clock period T on the optical information recording medium, generally 
referred to as the 'channel bit length'. In the case of a DVD, 1^=0.133 (im, and in the case of a CD, 1^=0.278 \im or 
L 0 =0.324 um Thus, for example, when the scanning velocity doubles, the basic clock period T will be reduced to one- 
half (1/2). 

[0058] When the scanning velocity increases as described above, it is preferable that the actual irradiation times 
20 T m P '( v ) and T m P ( v ) decrease and the relative irradiation times Tn^vVTfv) and T mp (v)/T(v) increase. For example, given 
that v=v L and v=v H (v L <v H ), the relative time with respect to the basic clock period T(v) will preferably be as follows: 

T mp (v H Wv H )>T^(v L yT(v L ) 

25 

T mp '(v H )/r(v H )>T nv '(v L yT(v L ) 
[0059] However, the actual time will preferably be as follows: 

30 



35 T mp '(v H )<T mp '(v L ) 

[0060] This is described in further detail with reference to FIGS.7A and 7B. These drawings represent an exemplary 
case in which v L =1 .0, v H =2.0, T mp (v L )/T=0.3, and T mp (v H )/T=0.5. In FIG.7A, the actual time is shown where T mp (v H ) 
<T mp (v L ). However in FIG.7B, the relative time is shown where the duties standardized by the respective basic clock 
40 periods T(v L ) and T(v H ) are: T mp (v L VT(v L )=0.3 and T mp (v H VT(v H )=0.5, so that T mp (v H )/T(v H )>T mp (vJ/T(v L ). Thus, the 
duties T mp (v)/T(v) and T rap '(v)T(v) standardized by the basic dock period T(v) and the actual irradiation times T mp (v) 
and T mp (v) have inverse relationships with respect to a change in the scanning velocity (i.e. the duties increase and 
the actual times decrease when the scanning velocity increases and vice versa). 

[0061 ] Also, the irradiation times T mp and T mp ' are preferably expressed by a function that is proportional to a function 
45 of the scanning velocity v: a=v/v 0 . More specifically, the irradiation times T mp and T mp ' are preferably expressed by a 
function T mp (a)/T(ct)=axa+b. Herein, v 0 denotes the minimum scanning velocity at which recording is possible in an 
optical information recording medium, a denotes a real number greater than or equal to 1 . The range of a represents 
the range of the scanning velocity at which recording is possible in the optical information recording medium. For 
example, in the case of a disk type recording medium with a diameter of 1 20 mm that uses the CAV (Constant Angular 
so Velocity) method, the above range is preferably set to 1 gaS2.4; more specifically, 1 Sa §4. 

[0062] FIG.8 shows the functions that change the duty of the irradiation time in response to a change in the scanning 
velocity. In the case of a CD-RW, wherein Lq=278 nm and the scanning velocity v=9.6 m/s-38.4 m/s=8x-32x (v 0 =9.6 
m/s=8x, a =1-4), which is particularly pertinent to the present embodiment, it is preferable that 0.14Sa^0.29 and 
0.2^bS0.4. In this diagram, the characteristics of a duty T mp /T of a CD-RW with a scanning velocity of 1x-4x (v 0 =1 .2 
55 m/s, cc=1 -4) and the characteristics of a duty T mp /T of a HS CD-RW with a scanning velocity of 4x-1 Ox (Vo=4.8 m/s, 
a=1 -2.5) are also shown. Additionally, although not shown, in the case of a DVD+RW, v 0 =3.49 m/s, and a=1 -2.4. 
[0063] The constants a and b can be set according to the characteristics of the optical information recording medium; 
however, the constants are preferably set to: 
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0.1 Sa£0.4 



0.lSbS0.4 

By setting the constants according to the above restrictions, the present embodiment can be arranged to be compatible 
with the recording strategies conceived for a=1 through 4. 

[0064] The irradiation timeT mp ' when n=3 also changes according to a. Thus, based on the above function, the value 
10 calculated from the formula shown below can be used: 

T m p , («)=(T nip (a)/r mp (1))xT mp ' (1) 

' 5 [0065] Thus, according the information recording method of the present embodiment, the power Pw does not change 
significantly even when a is changed since the pulse irradiation time T^ is made relatively shorter with respect to the 
basic clock period. Thereby, this method is suitable for use in CAV recording, or Z-CLV (Zone-Constant Linear Velocity) 
recording in which CLV recording is performed for each radial range so that pseudo-CAV recording is realized (when 
the radial range takes the limiting value of 0, the Z-CLV recording corresponds to the CAV recording). 

20 

(Pre-formatting on the Optical Information Recording Medium) 

[0066] As described above, it is possible to determine a recording method according to a complex recording strategy 
using a limited number of parameters. By pre-formatting the information corresponding to these parameters, the infor- 
ms mation recording apparatus is able to read the information of the parameters from the relevant optical information 
recording medium so as to establish highly accurate recording conditions. 

[0067] One of the primary features of the present embodiment is that the parameter information is preformatted on 
the optical information recording medium. 

[0068] The above pre-formatting can be performed according to any type of pre-formatting method. The various 
30 methods of pre-formatting are: the pre-pit method, the wobble encoding method, and the formatting method. The pre- 
pit method is a method of pre-formatting information concerning the recording conditions using a ROM pit in any given 
area of the optical information recording medium. This method is advantageous in that high productivity can be realized 
since the ROM pit is formed along with the formation of the substrate, and also, high reproducing reliability and large 
information capacity can be provided. However, there are still many problems that need to be solved concerning the 
3s technology for forming a ROM pit (i.e. hybrid technology) and the pre-formatting technology using a RW pre-pit is still 
considered to be quite difficult. 

[0069] The formatting method is a method of recording information using the same method for normal recording in 
the optical information recording apparatus. However, with this method, information has to be formatted onto each 
optical information recording medium after its fabrication, thereby lowering productivity. Further, since the information 
4° formatted according to this method will be re-writable, this method is not suitable for recording characteristic information 
of the recording medium. 

[0070] The wobble encoding method is the method that is actually used in the pre-formatting of the CD-RW and the 
DVD+RW. This method uses a technology of encoding address information of the optical information recording medium 
in a grove (guiding trench in the recording medium) wobble. The encoding method may be a frequency modulation 

« used forthe ATIP (Absolute Time in Pregroove) in a CD-RW or a phase modulation used in the DVD+RW. In the wobble 
encoding method, the groove wobble is formed on a substrate of the optical information recording medium along with 
the address information upon the formation of the substrate, this leading to increased productivity. Also, unlike the pre- 
pit method wherea special ROM pit has to be formed, the wobble encoding method does not require such special 
measure, thereby facilitating the formation of the substrate. 

50 [0071] In the following, the above described pre-formatting method of the parameters relating to the recording strat- 
egy performed in the CD-RW will be described. FIGS.9 and 10 show an exemplary format of each of the areas of an 
optical information receding medium 1 according to the CD-RW standard. In the groove formed area of the disk-shaped 
optical information recording medium 1 , an inner-perimeter unused area 2, a test recording area 3, a lead-in area 4, 
an information recording area 5, a lead-out area 6, and an outer-perimeter unused area 7 are assigned. 

55 [0072] In the optical information recording medium 1 (CD-RW) having the above configuration, the media information 
(parameter information) that is to be pre-formatted on the recording medium is in the form of ATIP (Absolute Time In 
Pregroove) Extra Information. ATIP is the address information pre-formatted on the CD-RW disk. Owing to the fact 
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that the CD started out as a sound information recording medium, its address information is represented as time in- 
formation, that is, the information is represented as M:S:F. Herein M stands for minutes, and the value of M is within 
a range of 00-99. S stands for seconds, and its value is within a range of 00-59. F stands for frames, and its value is 
within a range of 00-74. Also, note that 1 M=60S, and 1S=75F. Information of eight bits is assigned to each of M, S, 
and F, thereby information of one ATIP frame will be 24 bits. Although each of M, S, and F may potentially have a value 
within a range of 0-255, the values that are actually used are within the ranges mentioned above. Thus, the unused 
bits can be used to format additional information other than address information. The ATIP Extra Information Pre- 
formatting method is a method that uses the above unused bits to pre-format additional information. 
[0073] In FIG.1 1 , a data format of one ATIP frame, which consists of 42 bits, is shown. The first four bits of the ATI P 
frame are called the synchronization portion, which indicates the beginning of the frame. Upon reproducing the ATIP, 
the information recording apparatus recognizes this synchronization portion as the beginning of the frame. Therefore, 
the synchronization portion is made of a special pattern called the synchronization pattern. The 24 bits from the 5 th to 
28 th bits following the synchronization portion are the address information portion. The 24 bits are further divided into 
three 8-bit portions. The portions M1-M8 represent the address information of M (i.e. minutes), the portions S1-S8 
represent the address information of S (i.e. seconds), and the portions F1-F8 represent the address information of F 
(i.e. frames). The 14 bits from the 29 th bit to the 42 nd bit following the address information portion are the so-called 
'CIRC remainder 1 portion, which corresponds to error correction codes using the CIRC (cross-interleaved Reed Solo- 
mon code). 

[0074] According to the CD-RW standard, the address information portion content is divided into seven types de- 
pending on the respective values of M1 , S1 , and F1 , as shown below and in FIG.11 : 

(M1 , S1 , F1)=(0, 0, 0) or (1 , 0, 0): Normal Address 
(M1, S1, F1)=(1, 0, 1): Special Information 1 
(M1, S1, F1)=(1, 1,0): Special Information 2 
(M1, S1, F1)=(1, 1,1): Special Information 3 
(M1, S1, F1)=(0, 0, 1): Additional Information 1 
(M1, S1, F1)=(0, 1, 0): Additional Information 2 
(M1, S1, F1)=(0, 1,1): Additional Information 3 

[0075] Herein, information other than the 'normal address' correspond to the ATIP Extra Information. This ATIP Extra 
Information contains characteristic information of the disk such as the type of disk, and recording conditions (i.e. re- 
cording power, parameters for setting the optimum recording power, parameters for determining the recording strategy, 
etc.) of the disk. 

[0076] The ATIP Extra Information Is placed at the lead-in area 4 of the optical information recording medium 1 , 
preceded by nine consecutive frames of the normal address information. That is, to reproduce the six types of ATIP 
Extra Information, at least 60 frames of the lead-in area 4 need to be reproduced. 

[0077] In the following, the pre-formatting of the parameters for determining the recording strategy on the optical 
information recoding medium 1 using the eight types of parameters, T d1 /T, T^ T , T^'/T, T mp /T T mp VT, 5-|0, Sg, and 5g, 
standardized by the basic clock period T, in accordance with the information recording method of the present embod- 
iment will be contemplated. It is assumed that the parameter information corresponds to Additional Information 1 and 
Additional Information 2 of the ATIP Extra Information. 

[0078] The Additional Information 1 has fixed values for M1 , S1 , and F1 , which are set to 0, 0, 1 , respectively, and 
the Additional Information 2 has fixed values for M1 , S1 , and F1 , which are set to 0, 1 , 0, respectively. Thereby, the 
address information portion will have states as shown in FIG.1 2. In turn, each of the other bits is assigned to represent 
the following parameters: 

Additional Information 1 

[0079] 

(M2, M3, M4): T d1 /T 
(M5, M6, M7) : T#/T 
(MB, S2, S3) : T^fT 
(S4, S5, S6) : T^ 
(S7, SB, F2) : T^VT 
(F3, F4, F5) : ^o 
(F6, F7, F8) : 8;, 
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Additional Information 2 
[0080] 

5 (M2, M3, M4) : 8 3 

[0081] In this example, information worth three bits is assigned to each parameter. That is, information of eight levels 
is assigned to each parameter. The conversion of each of the bits into a parameter value (real number) is performed 
by referring to a conversion table. FIGS. 14-21 show exemplary conversion tables 1 1 a-1 1 h showing the relationship 
10 between each of the parameters and its corresponding bits. 

[0082] For example, it is assumed in the following description that optimum recording characteristics can be realized 
in a given optical information recording medium 1 with the parameter values shown below: 

T d1 /T=0.50 
is T d2 /T=0.00 

T d2 '/T=0.25 

T mp /T=1 .00 

WT-1.08 

8 ^=0.38 
20 8 2 =0.25 

83=0.28 

[0083] Accordingly, the corresponding bit number of each bit obtained based on the tables 11 a-1 1 h shown in FIGS. 
14-21 will be as follows: 

25 

Additional Information 1 
[0084] 

30 (M2, M3,M4)=(0, 1,1) 

(M5, M6, M7)=(1 , 0, 0) 

(MB, S2, S3)=(1 , 0, 1) 

(S4,S5,S6)=(1,0,0) 

(S7, S8, F2)=(1,0, 1) 
35 (F3, F4, F5)=(0, 1,0) 

(F6, F7, F8)=(0, 0, 1) 

Additional Information 2 
40 [0085] 

(M2, M3,M4)=(1, 0,0) 

In FIG.1 3, the bit information of each of the parameters pre-formatted in the Additional Information 1 and the Additional 
45 Information 2 according to the above example is shown. (Herein, X represents undefined information and can therefore 
take any value.) 

[0086] When the optimum values for the parameters relating to the determination of the recording strategy are dif- 
ferent from the above due to a difference in physical properties in the recording layer and the like, the corresponding 
bit information for the changed parameters can be pre-formatted to the Additional Information 1 and Additional Infor- 

50 mation 2 using the conversion tables 11 a-1 1 h. 

[0087] According to the wobble encoding method, the absolute information capacity tends to be lower than that 
realized by the other pre-formatting methods. Normally, the wobble frequency is within a frequency band that will not 
cause mutual interference with the frequency of the recording information. That is, a frequency below 1/30, and pref- 
erably below 1/1 00 of the frequency of the recording information. The information density decreases even further when 

55 frequency modulation is performed. Also, the information density decreases when the redundancy in the address in- 
formation is used as in the ATIP Extra Information pre-formatting for the CD-RW. 

[0088] When there is a shortage of information capacity, a new area can be created. In the case of a CD-RW, the 
ATIP Extra Information is normally encoded in the lead-in area 4. However, when this area alone cannot hold all the 
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information, the ATIP Extra Information may be encoded in the inner-perimeter unused area 2 or the outer-perimeter 
unused area 7 of the disk. Examples of the unused areas 2 and 7 are the areas of the disk situated closer to the inner 
circumference than the PCA (Power Calibration Area= test recording area 3) and the areas of the disk situated closer 
to the outer circumference than the lead-out area 6. 
s [0089] Also, as described above, the encoding of the parameter may involve encoding a binary number converted 
from a real number or encoding information converted by a conversion table. However, in either case, means for 
decoding the information encoded on the medium to appropriately set the recording strategy need to be provided in 
the information recording apparatus.. 

10 (Recording Strategy Generation Method) 

[0090] An information recording apparatus compatible with a CD-RW as the optical information recording medium 
1 reproduces the ATIP Extra Information upon executing a recording operation on this optical information recording 
medium 1 (including the mounting of the medium). The above recording apparatus compatible with the optical infor- 
ms mation recording medium 1 (CD-RW) has to be able to reproduce the Additional Information 1 and also needs to have 
the conversion tables forconverting the bits of the Additional Information 1 into real numbers. The information recording 
apparatus reproduces the Additional Information 1 and the Additional Information 2 and acquires the values of each 
bit from the optical information recording medium 1 . Then the information recording apparatus obtains the parameter 
values from the above bit information using the conversion tables 11a-11h, and determines the optimum recording 
20 strategy based on the real numbers of the above parameters. According to this method, the information recording 
apparatus is able to determine an optimum recording strategy for each optical information recording medium. Thereby 
when an optical information recording medium 1 with a different optimum recording strategy is used, that is, when the 
optical information recording medium 1 has different parameter values, the bit information corresponding to the pa- 
rameters for determining the optimum recording strategies for this particular optical information recording medium 1 
25 is preformatted in the Additional Information 1 and the Additional Information 2, and the information recording apparatus 
is able to set an optimum recording strategy for this optical information recording medium 1 . 
[0091] FIG.22 shows a summary flowchart of the processing procedures of the above recording strategy generation 
method. These processes are executed by a system controller (to be described later) of the information recording 
apparatus, for example. 

30 [0092] First of all, before initiating the recording operation, the preformatted information is reproduced from the optical 
information recording medium 1 that is mounted on the recording apparatus (step S1). In other words, this process 
involves accessing the addresses in which the parameters relating to the determination of the recording strategy, 
namely, T d1 /T, T,^, T d2 7T, T mp /T. T mp '/T, 5,0, 8^, and 8 3 , are recorded and reproducing the preformatted information. 
Then, the reproduced preformatted information (bit information of the parameters T d1 fT, T^/T, T d2 '/T, T mp /T. T^TT", 

35 8,0, 8 2 , and 83) are decoded (step S2). That is, each item of the parameter information is converted from bit information 
to real number information using the conversion tables 11a-11h. Then, the optimum recording strategy is generated 
and set by referring to the real number information of the converted parameters T d1 /T, T d2 /T, T^'/T, T mp /T. T mp VT, 5,0, 
8 2 , and 83, so that an optimum multi-pulse sequence pattern can be created (step S3). After this step, a process of 
setting the optimum recording power is performed on the appropriate occasion (step S4). This corresponds to the 

40 process of pert orming test writing using the determined optimum recording strategy to verify the suitability of the strategy 
and to determine the optimum recording power. An example of the test writing process is the OPC (Optimum Power 
Control) used in the CD-R/RW and the DVD+RW/R. In the recording operation, the recording power determined ac- 
cording to the above mentioned procedures is used to perform recording based on a predetermined recording strategy 
(step S5). 

45 

(Information Recording Apparatus) 

[0093] FIG.23 shows an exemplary configuration of the information recording apparatus used in order to realize the 
information recording method based on the above recording strategy. 

50 [0094] The information recording apparatus has a rotation control structure 22 that includes a spindle motor 21 that 
rotates the optical information recording medium 1 , and an optical head 24 that has an objective lens that irradiates 
and condenses a laser beam on the optical information recording medium 1 and a laser light source such as a semi- 
conductor laser diode LD 23, wherein the optical head 24 is arranged to be movable along the disk radius direction to 
seek an address. An actuator control structure 25 is connected to an objective lens drive and a power range system 

55 of the optical head 24. A wobble detection unit 27 that includes a programmable BPF 26 is connected to this actuator 
control structure 25. An address demodulation circuit 28 that demodulates address information from a detected wobble 
signal is connected to this wobble detection unit 27. A recording clock generation unit 30 that includes a PLL synthesizer 
circuit 29 is connected to this address demodulation circuit 28. A drive controller 31 functioning as speed controlling 
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means is connected to the PLL synthesizer circuit 29. 

[0095] The drive controller 31 , which is connected to a system controller 32, is also connected to the rotation control 
structure 22, the actuator control structure 25, the wobble detection unit 27, and the address demodulation circuit 28. 
[0096] Further, the system controller 32 has a so-called Micom structure that implements a CPU and the like. This 

s system controller 32 has a ROM 33 that contains the above described conversion tables 1 1 a-1 1 h. Also, an EFM encoder 
34, a mark length counter 35, and a pulse number control unit 36 are connected to the system controller 32. Further, 
a recording pulse sequence control unit 37 that functions as light emission waveform control means is connected to 
the EFM encoder 34, the mark length counter 35, the pulse number control unit 36, and the system controller 32. This 
recording pulse sequence control unit 37 includes a multi-pulse generation unit 38 that generates a multi-pulse (on 

10 pulse, off pulse) sequence designated by the recording strategy, an edge selector 39, and a pulse edge generation 
unit 40. 

[0097] Also, a LD drive unit 42 is connected to the output side of this recording pulse sequence control unit 37. The 
LD drive unit 42 functions as light source driving means that activates the semiconductor laser diode LD 23 in the 
optical head 24 by switching a driving electric current source 41 corresponding to each of the recording power Pw, the 

15 erasing power Pe, and the bias power Pb. 

[0098] In the following, the procedures for realizing a recording process on the optical information recording medium 
1 using the information recording apparatus having the above described configuration will be described. 
[0099] First, the rotation control structure 22 controls the rotation (number of rotations) of the spindle motor 21 so 
that the recording line speed corresponds to the desired recording speed, this being done under the control of the drive 

20 controller 31 . Then, an address is demodulated from a wobble signal detected and separated from a push-pull signal 
obtained from the optical head 24 by means of the programmable BPF 26, and at the same time, a recording channel 
clock is generated by the PLL synthesizer circuit 29. Next, the recording channel clock and EFM data that contains 
recording information are input to the recording pulse sequence control unit 37. Then a multi-pulse sequence in ac- 
cordance with a recording strategy shown in FIG .4, for example, is generated by means of the multi-pulse generation 

25 unit 38 in the recording pulse sequence control unit 37. Then, at the LD drive unit 42, each driving electric current 
source 41 for setting the irradiation power to Pw, Pe, and Pb, respectively is switched on so that a LD light emission 
waveform that corresponds to a recording pulse sequence is generated. In turn, the recording pulse sequence is gen- 
erated at the semiconductor laser diode LD 23. 

[01 00] Note that according to the present embodiment, a multi-level pulse edge generation unit 40 that has a reso- 
30 lution that is 1/20 of the recording channel clock period is implemented in the recording pulse sequence control unit 
37, wherein the generated edge pulses are input to an edge selector (multiplexer) 39 after which an edge pulse is 
selected by the system controller 32 according t6 the parameter T d1 so that a first pulse rise control signal and the like 
are generated. A multi-level delay circuit for the pulse edge generation unit 40 may be composed of a gate delay 
element with a high resolution or a ring oscillator and a PLL circuit. 
35 [0101] Using the above first pulse rise control signal as a basis, a multi-pulse sequence that is in synchronization 
with the basic clock period T is generated based on the parameters such as T mp , T mp ', 8,0, o^, and 63. Similarly, with 
respect to the last off pulse irradiation time T off (n, m), a last off pulse rise control signal is generated by the edge pulse 
selected by the system controller 32 based on the parameter T^ orT d2 '. 

[0102] Also, in a recording pulse sequence control unit 37 according to the present embodiment, the mark length 
40 counter 35 for measuring the mark length of the EFM signal obtained from the EFM encoder 34 is provided. Herein a 
multi-pulse sequence is generated via the pulse number control unit 36 so that one set of pulses (on pulse with the 
power Pw and off pulse with the power Pb) is generated for every increase of 2T in the mark counter value. This 
operation is made possible by selecting the rear (or trailing) edge of the first pulse with the edge selector 39 after which 
the front (or leading) edge of the subsequent multi-pulse sequence is selected by the edge pulse generated from the 
■*5 next recording channel clock period, followed by the selection of the rear edge by the pulse edge generated from the 
next recording channel clock period. 

[0103] Alternatively, the multi-pulse generation unit may have a configuration in which a recording frequency division 
clock that divides the recording channel clock into two is generated, from which an edge pulse is generated using a 
multi-level delay circuit, and one set of pulses (on pulse with the power Pw and off pulse with the power Pb) is generated 
so for every increase of 2T in the recording channel clock by selecting the front and rear edges with the edge selector. In 
this configuration, the substantial operation frequency of the multi-pulse generation unit will be reduced to 1/2, thereby 
realizing an even higher recording speed. 

(Modification) 

55 

[0104] In the above description of the preferred embodiments, the application of the present invention in a phase 
change type optical information recording medium is described. However, the present invention is also applicable in 
the so-called dye optical information recording medium that can be written only once such as the CD-R or DVD-R. In 
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such case, the irradiation powers Pe and Pb are substantially equal (Pe=Pb) and a bilevel pulse irradiation pattern will 
be realized wherein the irradiation power Pb is irradiated between the pulses P on (n, i) and P on (n, i+1 ) that are irradiated 
with the power Pw as shown in FIG.24. 

[0105] In the following, specific examples in accordance with the above descriptions of the present invention are 
s given. 

(Example 1 ) 

[0106] A lower dielectric layer, a recording layer, an upper dielectric layer, and a reflection layer are successively 

10 formed on a polycarbonate CD-RW substrate using the spattering method. A dielectric material made of ZnS with 20 
mol% Si0 2 is used as the lower dielectric layer material and the upper dielectric layer material, and an AglnSbTe alloy 
with a very small amount of Ge added thereto is used as the recording layer material. Ag is used for the reflection layer 
material. The film thickness of each of the layers is: 70 nm for the lower dielectric layer, 1 5 nm for the recording layer, 
20 nm for the upper dielectric layer, and 140 nm for the reflection layer. Further, a resin protective layer Is formed on 

is top of the above structure using a spin coating method, This protective layer is then hardened through irradiation of 
ultraviolet light. An ultraviolet activated resin, which is a protective layer material for a CD that is on the market, is used 
as the protective layer material. The film thickness of the resin protective layer is approximately 10 urn. 
[01 07] Right after the formation of the film layers, the recording layer is in a rapid cooling state and is thereby in an 
amorphous state. Thus, the CD-RW is initialized using a CD-RW initialization apparatus so as to crystallize the entire 

20 surface of the disk. The initialization is realized by irradiating and scanning high energy laser throughout the entire 
surface of the disk. The initialization laser has a wavelength of 830 nm and its beam diameter is 1 u.m in the scanning 
direction and 80 nm in the direction perpendicular to the scanning direction. The irradiation intensity is 800 mW (power 
consumption) and the scanning velocity is 2.5 m/s. The disk produced according to the above specifications satisfies 
the standards of the CD-RW disk in an unrecorded state. 

25 [01 08] A recording experiment in which recording equivalent to a 24 x speed recording on a CD is performed in the 
above disk. In this experiment, a DDU-1000 by Pulstec Industrial Co, Ltd. is used as the information recording/repro- 
ducing apparatus, and an AWG 610 (Arbitrary Waveform Generator) by Sony/Tektronix Corporation is used as a re- 
cording strategy generation apparatus. The resulting recording strategy patterns have configurations identical to those 
shown in FIG.4 and the parameters are set as follows: 

30 

T=9.6 ns 

Wr-1.126 

^=1.563 
S-f 0=0.30 

35 82=0.30 
83=0.125 

T d1 /T=0,50 
T d2 n-=0.05 
T d2 '/T=0.10 

40 

[01 09] When the 24 x speed recording is performed using the recording strategy according to the above parameters, 
the following recording conditions are obtained: 

Pw=32mW 
45 Pe=11 mW 

v=28.8 m/s 
DOW count=1 -1000 

(DOW: Direct Over Write, a rewrite that is not accompanied by an erasing operation; the rewrite can be performed at 
50 least 1 000 times according to the CD-RW standard) 

[01 1 0] Table 1 shown below shows the results from measuring the 3T mark jitter and the 3T mark space jitter at a 
normal speed (v=1 .2 m/s) after the recording. 



Table 1 



DOW Count 


3T Mark Jitter (ns) 


3T Space Jitter (ns) 


0 


16 


20 
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Table 1 (continued) 



DOW Count 


3T Mark Jitter (ns) 


3T Space Jitter (ns) 


1 


27 


31 


10 


24 


28 


1000 


28 


33 



[0111] According to the results shown in table 1, It can be determined that the disk on which the experiment is 
performed satisfies the CD-RW standard which sets a condition for the jitter to be less than 35 ns (jitter<35 ns) when 
the DOW is performed 1000 times or less. 



[01 12] Recording equivalent to an 8 x speed recording on a CD is performed on the CD-RW disk of Example 1 . As 
for the recording strategy, only the parameters T mp /T and T mp '/T are changed to: 

T m| /T=0.500 (4/9 of Example 1) 
T mp '/T=0.695 (4/9 of Example 1) 
T=28.9 ns 

The values for the rest of the parameters, 8,0, S 2 , S3. T" d1 /T, T d2 /T, and T&/T are arranged to have the same values 
as Example 1 . 

[0113] Consequently, the recording conditions will be as follows: 

Pw=30 mW 
Pe=9 mW 
v=9,6 m/s 

DOW count=1 -1000 times 

[0114] Table 2 (shown below) shows the results from measuring the 3T mark jitter and the 3T mark space jitter at 
normal speed after the recording. 



DOW Count 


3T Mark Jitter (ns) 


3T Space Jitter (ns) 


0 


15 


17 


1 


25 


28 


10 


22 


25 


1000 


24 


28 



[0115] From the results shown in the above table 2, it can be determined that the 8x speed recording is realized by 
simply reducing the irradiation time T mp and T mp ' to 4/9 of that in Example 1 . Also, the jitter is below 35 ns even when 
the DOW count reaches 1000 times, meaning good characteristics are realized. 



(Example 3) 

[01 16] Taking the Embodiments 1 and 2 into consideration, the information recording apparatus will be able to de- 
termine the optimum recording strategy by pre-formatting the parameter information shown below on the optical infor- 
mation recording medium 1 . 



5,0=0.30 

82=0.30 

83=0.125 

T d1 /T=0.50 

T d2 /T=0.05 
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T d2 '/T=0.10 
a=3.125 
b=0.188 
a=3 

5 

[0117] In the following, the various advantages of the present invention will be described. 
[0118] First, according to the present invention, a recording strategy is used to form a recording mark with a multi- 
pulse sequence, which is increased by one pulse with an irradiation power Pw for every increase of 2T in the temporal 
length nT. Thus, the irradiation time per pulse can be made longer with respect to the basic clock period T, which in 

10 turn can reduce the influence from the time required for the rise of the pulse light. Also, a high modulation rate at a low 
recording power can be realized and jitter can be reduced. Particularly, when n is an odd number and n g 7, a period 
from the fall of the first pulse to the fall of a second pulse in the multi-pulse sequence is arranged to be greater than 
2T, and a period corresponding to the last pulse is set to (2+8.,o)T where the value of 5 ,o is optimized within the range 
of 0<8 1 oS1 . Thus, the multi-pulse sequence is adjusted from both the front pulse side and the rear pulse side so that 

'5 an overall consistency can be maintained in the mark shape upon recording the mark, whereas, in a case where the 
multi-pulse is adjusted only from the rear pulse side, the consistency of the mark shape can be severely degraded. 
Accordingly, a distortion in the waveform of the reproducing signal can be prevented and the jitter characteristic can 
be improved. Also, when ng4, the fall of the first pulse is synchronized with a basic clock, and the fall of the second 
pulse and the rest of the pulses except for the last pulse are also synchronized with the basic clock by irradiating the 

20 pulses at periods of 2.5T or 2T. In this way, the design of a recording strategy generation circuit that generates the 
actual recording strategy can be simplified. 

[0119] Further, the period from the fall of the first pulse to the fall of the second pulse when n is an odd number and 
n^7 may typically be set to 2T 

[0120] Whether n is odd or even, parameters that have little influence on the recording characteristics are made to 
25 conform to a uniform parameter so that the optimum recording strategy can be accurately determined with few param- 
eters. 

[0121] Also, when n is an even number and nS6, the periods of the pulses other than the first pulse may all be set 
to 2Tso that the parameters for determining the recording strategy can be reduced even further. 
[0122] Further, by adjusting the parameters T d1 and 8 2 according to each optical Information recording medium and 
30 determining the end of a space preceding a recording mark, the actual length of the mark and space and the transition 
area from space to mark can be optimized and jitter can be reduced. 

[0123] The present invention is applicable to a dye type WORM (write once, read many) optical information recording 
medium, where two power levels are used In the recording. 

[0124] Also, the present invention Is applicable to a rewritable optical information recording medium made of a phase 
35 change recording material, where three power levels are used in the recording. In this case, a direct over write is made 
possible. 

[0125] Additionally, by adjusting the parameters T d2 and T d2 ' according to each optical information recording medium, 
the actual length of the mark and the space following the mark can be optimized and jitter can be reduced. 
[0126] Also, by conforming the irradiation times of all the pulses, except for the pulse when n=3 and the last pulses 
40 when n is an odd number, to a uniform value, the parameters that have little influence on the recording characteristics 
are reduced so that the parameters for determining the optimum strategy can be reduced even further. 
[01 27] By fixing the parameters T 1p and T mp regardless of the optical information recording apparatus, the parameters 
that have little influence on the recording characteristics are reduced so that the recording strategy generation circuit 
can be simplified. 

45 [0128] Further, by changing only the duties T mp /T of the irradiation time of the pulses in response to a change in the 
scanning velocity of the recording, the recording strategy can be used for varying scanning velocities. Thereby, record- 
ing is possible in a wide range of scanning velocities using few parameters where jitter characteristics are improved. 
Particularly, by making the irradiation time T rap of a pulse with respect to the basic clock T relatively shorter with the 
decrease of the scanning velocity, the intensity of the power Pw does not have to be changed even when the scanning 

so velocity is changed so that the recording strategy can be compatible with different scanning velocities. 

[0129] Additionally, by arranging the irradiation time T mp to be in accordance with a function of a, the parameters for 
realizing the above information recording can be further optimized. 

[01 30] Also, by setting the irradiation time when n=3 to T mp \v H yT mt ;{v L )=T mp (v H yT mp (v L ), the irradiation time when 
n=3 is made to conform with the irradiation time when n§4 with respect to the actual time. This measure is effective 
55 in reducing the parameters relating to the recording strategy. 

[0131] Further, by fixing the parameters except for T„, p and T^' regardless of the scanning velocity, the recording 
strategy does not have to be changed even when the scanning velocity in the recording is changed. Thus, recording 
is possible over a wide range of scanning velocities using few parameters where jitter is improved. 
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[01 32] Also, by pre-formatting the information of 8 as parameter information relating to the recording strategy for 
determining the time T, o from the fall of the second to last pulse to the fall of the last pulse on the optical information 
recording apparatus, the information recording apparatus will be able to set a recording strategy that satisfies the 
optimum recording conditions with ease. 
s [0133] The present application is based on and claims the benefit of the earlier filing dates of Japanese priority 
application No.2002-136177 filed on May 10, 2002 and Japanese priority application No.2002-266501 filed on Sep- 
tember 12, 2002, the entire contents of which are hereby incorporated by reference. 



io Claims 

1 . An information recording method for recording information on an optical information recording medium according 
to a mark length recording scheme in which a temporal length of a recording mark is represented as nT where n 
denotes a natural number and T denotes a basic clock period, wherein: 

15 

the recording mark, is formed by a multi-pulse sequence, which is increased by one pulse with an irradiation 
power Pw for every increase of 2T in the temporal length nT; and 

a recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

20 when nK4, the fall of a first pulse of the multi-pulse sequence is synchronized with the basic clock; and 

when n is an odd number and nS7, a period from the fall of the first pulse to the fall of a second pulse in 
the multi-pulse sequence is arranged to be greater than 2T and in synchronization with the basic clock, 
periods of pulses after the second pulse except for a last pulse of the multi-pulse sequence are arranged 
to be 2T, and a period from the fall of a second to last pulse to the fall of the last pulse, denoted as T^o, 

25 is set to T 1 o=(2+8 1 o)T where 0<6 1 oS1 . 

2. The information recording method as claimed in claim 1 , wherein: 

the period from the fall of the first pulse to the fall of the second pulse when n is an odd number and n§7 is 
30 arranged to be 2.5T. 

3. The information recording method as claimed in claim 1 , wherein: 

the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that when n 
35 is an even number and n§6, periods of the pulses after the first pulse of the multi-pulse sequence are set to 

be 2T, and the period from the fall of the second to last pulse to the fall of the last pulse, denoted as T^, is 
set to T 1 e=(2+5 1 e)T where 0<5 1 eg1 . 

4. The information recording method as claimed in claim 3, wherein 8^ is set to 8^=0. 

40 

5. The information recording method as claimed in claim 1 , wherein: 

the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that when a 
time from the rise of a logical data pulse to the rise of the first pulse of the multi-pulse sequence when n£4 is 
45 denoted as T d1 and a time from the rise of a logical data pulse to the rise of the first pulse of the multi-pulse 

sequence when n=3 is denoted as T d13 , T d13 = T d1 + SgT where 0< 82SI . 

6. ' The information recording method as claimed in claim 1 , wherein: 

so light with an irradiation power Pb is irradiated in between the pulses with the irradiation power Pw in the multi- 

pulse sequence where Pw>Pb. 

7. The information recording method as claimed in claim 6, wherein: 

55 light with an irradiation power Pe is irradiated to record a mark space where Pw>Pe>Pb. 

8. The information recording method as claimed in claim 7, wherein: 
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the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

a last off pulse with the irradiation power Pb is added after the irradiation of the last pulse with the irradiation 
power Pw in the multi-pulse sequence; 

a pulse with the irradiation power Pe is added after the last off pulse with the irradiation power Pb; and 
an interval between the rise of the pulse with the irradiation power Pe and the fall of a logical data pulse 
when n£4 is set to T d2 where -1 TST d2 SlT, and an interval between the rise of the pulse with the irradiation 
power Pe and the fall of a logical data pulse when n=3 is set to T^' where -ITgT^'SIT. 

9. The information recording method as claimed in claim 8, wherein: 

the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

when an irradiation time of the irradiation power Pw of an m" 1 pulse (where m is a natural number), which 
corresponds to the last pulse of the multi-pulse sequence, is denoted as T on (n, m), and an irradiation time 
of the irradiation power Pw of a pulse other than the m* pulse is denoted as T on (n, i) where i is a value 
within a range of 1 through m-1 , all the irradiation times T on (n, i) of the multi-pulse sequence, other than 
the irradiation time when n=3 and the irradiation time of the last pulse when n is an odd number and nS5, 
are set equal to T on (n, i)=T mp where T mp is a constant and 0.5TST mp Sl .57"; and 
the irradiation time of the last pulse when n is an odd number and nS5, denoted as T on (n, m)=T 1p , is set 
t0 T 1 P =T mp + 8 3 T where 0S8 3 S 1 . 

10. The information recording method as claimed in claim 9, wherein the recording strategy, used in forming the re- 
cording mark, controls the multi-pulse sequence so that T 1p and T mp are arranged to be fixed values regardless 
of the optical information recording medium. 

11. The information recording method as claimed in claim 9, wherein: 

the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

when differing scanning velocities v=v L and v=v H are used in the recording where v L < v H , the basic clock 
periods T corresponding to the scanning velocities v L and v H are denoted as T(V|_) and T(v H ), respectively, 
a line density is fixed to obtain a relationship v L x T (v,J=v H x T (v H ) , the irradiation time T mp upon recording 
at the scanning velocity v L Is denoted as T^fyJ, and the irradiation time T^ upon recording at the scan- 
ning velocity v H is denoted as T mp (v H ), the relationships between the irradiation times corresponding to 
the differing scanning velocities v L and v H satisfy conditions T (v H ) < T (v L ) and T m (v H )/T(v H ) >T 
(v L KT(v L ). 

12. The information recording method as claimed in claim 11 , wherein: 

the recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

when a minimum scanning velocity for the recording is denoted as v 0 , a basic clock period corresponding 
to the minimum scanning velocity v 0 is denoted asT„, a given scanning velocity v is expressed as v=axv„ 
(where a is a real number greater than or equal to 1), and a corresponding basic clock period T can be 
expressed as T=Tq/ a, the irradiation time T mp of a pulse can be expressed as a function of a: 

T rap (ayT(a)=aXa+b 

where a and b are constants, 0.1SaS0.4, and 0.1SDS0.4. 

13. The information recording method as claimed in claim 11, wherein a relationship T mp Xv H )fl~ mp , (vJ=T mp (v H )/T mp 
(vj is obtained where T mp '(v) denotes the irradiation time T,^ when n=3. 

14. The information recording method as claimed in claim 11, wherein T d1 n"(v), T^fv), and T^TTM are fixed re- 
gardless of the scanning velocity v. 
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1 5. The information recording method as claimed in claim 1 1 , wherein 8.,o/T(v) , Sj/Hv) , and oyT(v) are fixed regardless 
of the scanning velocity v. 

16. An information recording apparatus that records information on an optical information recording medium according 
to a mark length recording scheme in which a temporal length of a recording mark is represented as nT where n 
denotes a natural number and T denotes a basic clock period, said information recording apparatus comprising: 

a rotation drive structure that rotates the optical information recording medium; 

a laser light source that generates a light beam, which is irradiated on the optical information recording medium ; 
a light source drive unit that administers the laser light source to emit light; 

a light emission waveform control unit that controls the lightsource drive unit when a recording strategy relating 
to a light emission waveform of the light beam generated by the laser light source is set; and 
a speed control unit that controls a relative scanning velocity between the rotation of the optical information 
recording medium and the light beam irradiated on said optical information recording medium, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform 
so that: 

when n^4, thefall of a first pulse of the multi-pulse sequence is synchronized with the basic clock; and 
when n is an odd number and n§7, a period from the fall of the first pulse to the fall of a second pulse 
in the multi-pulse sequence is arranged to be greater than 2T and in synchronization with the basic 
clock, periods of pulses after the second pulse except for a last pulse of the multi-pulse sequence are 
arranged to be 2T, and a period from the fall of a second to last pulse to the fall of the last pulse, 
denoted as T^, is set to T 1 o=(2+8 1 o)T where 0<8 1 oS1 . 

17. The information recording apparatus as claimed in claim 16, wherein: 

the light emission waveform control unit controls the period from the fall of the first pulse to the fall of the 
second pulse when n is an odd number and n^7 to be 2.5T. 

18. The information recording method as claimed in claim 16, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that when n Is an even number and n§6, periods of the pulses after the first pulse of the multi-pulse sequence 
are set to be 2T, and the period from the fall of the second to last pulse to the fall of the last pulse, denoted 
as Tie, is set to T 1 e=(2+5 1 e)T where 0<6 1 e^1 . 

19. The information recording apparatus as claimed in claim 1 B, wherein the light emission waveform control unit sets 
&,e to 6^=0. 

20. The information recording apparatus as claimed in claim 16, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that when a time from the rise of a logical data pulse to the rise of the first pulse of the multi-pulse sequence 
when nB4 is denoted as T d1 and a time from the rise of a logical data pulse to the rise of the first pulse of the 
multi-pulse sequence when n=3 is denoted as T d13 , T d13 = T d1 +8 2 T where 0<8aSl . 

21. The information recording apparatus as claimed in claim 16, wherein: 

the light emission waveform control unit irradiates light with an irradiation power Pb between the pulses with 
the irradiation power Pw in the multi-pulse sequence where Pw>Pb. 

22. The information recording apparatus as claimed in claim 21 , wherein: 

the light emission waveform control unit irradiates light with an irradiation power Pe to record a mark space 
where Pw> Pe>Pb. 

23. The information recording apparatus as claimed in claim 22, wherein: 
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the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that: 

a last off pulse with the irradiation power Pb is added afterthe irradiation of the last pulse with the irradiation 
power Pw in the multi-pulse sequence; 

a pulse with the irradiation power Pe is added after the last off pulse with the irradiation power Pb; and 
an interval between the rise of the pulse with the irradiation power Pe and the fall of a logical data pulse 
when ng4 is setto T d2 where -1 T^T d2 =1T, and an interval between the rise of the pulse with the irradiation 
power Pe and the fall of a logical data pulse when n=3 is set to T^' where -UsT^'SlT. 

24. The information recording apparatus as claimed in claim 23, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that: 

when an irradiation time of the irradiation power Pw of an pulse (where m is a natural number), which 
corresponds to the last pulse of the multi-pulse sequence, is denoted as T on (n, m), and an irradiation time 
of the irradiation power Pw of a pulse other than the m* pulse is denoted as T on (n, i) where i is a value 
within a range of 1 through m-1 , all the irradiation times T on (n, i) of the multi-pulse sequence, other than 
the irradiation time when n=3 and the irradiation time of the last pulse when n is an odd number and ng5, 
are set equal to T^n, i)=T rap where T mp is a constant and 0.5TST mp g1 .5T; and 
the irradiation time of the last pulse when n is an odd number and nS5, denoted as T on (n, m)=T 1p , is set 
t0 T ip= T mp+5 3 T where 0SS 3 si . 

25. The information recording method as claimed in claim 24, wherein the light emission waveform control unit uses 
the recording strategy to control the light emission waveform so that Ti p and T mp are arranged to be fixed values 
regardless of the optical information recording medium. 

26. The information recording apparatus as claimed in claim 24, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that: 

when differing scanning velocities v=v L and v=v H are used in the recording where V L < V H , the basic clock 
periods T corresponding to the scanning velocities v L and v H are denoted as T(v L ) and T(v H ), respectively, 
a line density is fixed to obtain a relationship v L x T (v L )=v H X T (v H ), the irradiation time T mp upon 
recording at the scanning velocity v L is denoted as T mp (v L ), and the irradiation time T^ upon recording 
at the scanning velocity v H is denoted as T mp (y H ), the relationships between the irradiation times corre- 
sponding to the differing scanning velocities v L and v H satisfy conditions T^Vh) <T mp (vJ and T mp (v H )/ 
T(v H )>T mp (v L )/T(v L ). 

27. . The information recording apparatus as claimed in claim 26, wherein: 

the light emission waveform control unit uses the recording strategy to control the light emission waveform so 
that: 

when a minimum scanning velocity for the recording is denoted as v 0 , a basic clock period corresponding 
to the minimum scanning velocity v 0 is denoted as T 0 , a given scanning velocity v is expressed as v=ax v 0 
(where a is a real number greaterthan or equal to 1 ), and a corresponding basic clockperiod T is expressed 
as T=To/a, the irradiation time T mp of a pulse can be expressed as a function of a: 

T mp (a)/T(a)=aXa+b 

where a and b are constants, 0.1§a§0.4, and O.lSbSO.4. 

28. The information recording apparatus as claimed in claim 26, wherein the light emission waveform control unit 
establishes a relationship T mp ' (v H ) /T mp '(vJ =T mp (v H )/T mp (VJ where T mp '(v) denotes the irradiation time T^ when 
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n=3. 

29. The information recording apparatus as claimed in claim 26, wherein the light emission waveform control unit 
maintains fixed values forT d1 /T(v), T d2 /T(v), and T^'/Tfv) regardless of the scanning velocity v. 

30. The information recording apparatus as claimed in claim 26, wherein the light emission waveform control unit 
maintains a fixed value for 6 ^o/T(v), 8 ^(v), and 8 ^T(v) regardless of the scanning velocity v. 

31. An optical information recording medium on which information is recorded using anjnformation recording method 
according to a mark length recording scheme in which a temporal length of a recording mark is represented as nT 
where n denotes a natural number and T denotes a basic clock period, wherein: 

the recording mark is formed by a multi-pulse sequence, which is increased by one pulse with an irradiation 
power Pw for every increase of 2T in the temporal length hT; and 

a recording strategy, used in forming the recording mark, controls the multi-pulse sequence so that: 

when n24, the fall of a first pulse of the multi-pulse sequence is synchronized with the basic clock; and 
when n is an odd number and ng7, a period from the fall of the first pulse to the fall of a second pulse in 
the multi-pulse sequence is arranged to be greater than 2T and in synchronization with the basic clock, 
periods of pulses after the second pulse except for a last pulse of the multi-pulse sequence are arranged 
to be 2T, and a time from the fall of a second to last pulse to the fall of the last pulse, denoted as T^, is 
set to T, a=(2+&, o)T where 0<8 1 oS1 ; wherein 

information of 8 ,o as a parameter for determining the time T.,0 is preformatted on the optical information 
recording medium. 
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#u r -f >i^B® y r A /Hfcffl v > 4>*ir ^4 . 
k i 4x\ $ i ntftJtasR-f a? mmit £ 

ftiiissifeie^i ismtt^^ft*w$ii-c v^4 , 

[00033 Wtl6fl:w 1 "3t. £ftS*<0^*{t2r 
4 - k 3&»'T'^ 4 . IE«SM^**c*H4 A tli . 

3>t'-ybe-yf-^o^4. 4)^ii^arX^-T4, 5)ft 
^JffiV^— «f-3K*M^4. 6)MCAV^$:fflV»4, ^ 
«#?fe^|g$ilTV^4 . ^^4>0#a*ffl^TlE»/ 

f£#<7)i k TtftfcR t?^K<oiE« Hp< A ytmt>til 
;kf*4. -r^iio^^L-^^nMkLT, 4$BH 
T3-22223-f Srfctf 4 ^k^'T§ 4 . C <0i«nWTtt» 

$ . mnm®^m<Dmz&&zmmmmir> 
SkZizmtxmi. Mmn3r><»mizm. # 

[00043 

a k -tmm 3 itEfia^fB-rti, v 
m saw^wKaasaBt i 4E»«*t*tt 4Ci»K 

I6K i 4x 7 is~>7 b im^thAlz^X'£'i t Lh+ 

mwMtfzztix^&kimizi^te. mm. m 

Zfr^m-yfz, 

[ o o o 5 3 *w%m immi. mm 
mmnmiiziL&m^-rftmcQm). ^> 

mtl - k fc i 0 . 0iS^«ieifS:if fft-f 4 i k t 
*4, *«^<0fl!i^BWti. iaHS4^Sk!B^ftk 
iOS-^ft^ l<d±S -£ 4 k k 1 1 . lEgS^SSt =t4lB 
il^OTfi.S.U'x «y h §:itpJEt4 C k 4 . $ 

l^lEtt**^ IS^lEii V- b l*l±S €4 i k tc^ 
4. 

[00063 

iwMmmtztzth^m mmzmmztztb 

lEHS^gS k tmUfa k WS^telr l*]±$^4^ 

5^*4. atf -f^^tt«r«i«*r*4ik*> 
4>. Eam&3gaM<5y** mmm^y^^z 
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— «f-T-? SriEflrrs coiztteLi T, f^^ «o-jg 
OfiKCrX MEHarfr&o, ^-cOxX HEil-tJ: 
*§&ft*?f£fl*i: MEHW->t-? t £*t$ 

<wm\,zs. m±tz*v ! Jis7 v zmta lt . ^ii*- 

Wffl-f 4. ^T\ ^-#jR«S3»t±. 7? 

His? b &k t 4 . £ «fl& s i/tTix? tf*IimfcT& 

<o5»tt*>.r t s^arr* t , wmi-gMvmzm 

fEti Lfc; - LSri vc- J&ofcfc-f 4 

£fcfc±9*liE?*4. 

[0007] 2frfc< fc i, P-if-^M^TlE 

TZhm&m\<\ zommzn&ixmumzft 

£38&t*Uf J: \>\ z\ZXWoTXb lEfi^— f~r 

-fmmzm^&tmm^mm-hm^vvxw 
m^mx^t^xmm^i^ a £ t £ j o , tea 
*tt£ftjg-r * - fc #t*§ ^ , cico^ hfeumvi- 

if-x-?^iEfJ^ffl^4IEfJ^i: LT, m^'Vl-x 

*fW*tf>HIIB£^L< LfciE»*#fcJ: VltTi x 
?*4mth £ b fffii U ^ z\coj-xbMm 

mfz-— F-T-?mmtzm^&Mmimizt5\,*x . 

X 0& 0 , Z(0UKiirt$<7)M[i>1&\ l ^^]rfffifrtizi 
UKHX\ V&VKtWtT gt-^u ^lUX\ -t L T . 
S0^2-9£7)^;U#§EaK;lT'*0. -Hi 

N-7-K/M;fsfj^ . a»as L U^/L- 

(i. lEflL.^ffi^S^^iE^L^If^O^iiE&fi 1 ': 



Mff#£fEIH-4 fz^ly^/lt LTffl^S. i<7)x^ 
If 6 2o^fB£§l/<.>l«ET1i, %MMVlZb*ti 

mtm< A7k* t <5 o . lEHii^at 

^^-ytzfi^L^^T'-^i: tchXo HzWCfeth . 

zmj^v yzzmmst* . v— f-nv-xmm-? 
ix<o tsuixmrn) xmm i ttmmmzts x a 
tmm i<±*\ wxsOM k jt a vmm®i 1 1 
xmrc&i. tx ymmf3-- j ?-T—?<nm.i<z 
ffl ^ i) aaaggtij wx . % i <7)ig8\s<)v&\t mm 2 

tmisOl- bTVh-h U<flb c^)Jt. Rtf% 1 OlEM 
L^OU ^ 2 lE^ b WJtfi . T^^^TOt 

a^{iE«**k ixmzmizx *)m.$itx&£. 
zhi. zotztb. mnmvK)Vbm2tmv^)Vb 
mi<ffi£2iiz>fy&i>x-x< &x'i>% 
v K zmt. im<7Mm*m^zmtzx<o . m+* 
miMmtftfxzititoX'hi,. fx himw 
*-?-T-fc?)miz%^m&mtzh^x. m 
>wxm% itzmz-gmn u - h uovrnt:® 

£f?>zb tfX-Z h , tX Hm$Jf3-~? -r-fiV 

mm i ^ h imm\z^x . w&wx *m itz 
m~m$m<n >j - f vt-b 

nm? n -y ? 2-%4T# S fc t fc |c . •) M# 

tfx^frhx'hh. ttz. rxbimiz&^x. -^co 

A^-y^rXhh^ y^lEIJL, **iS:S&U IS 

SWv/^ X 0 ft* #«/h/^ 
XWWxm&ftS^XWfcthZblzX t» 

7^^\|E^T# £ J: 3 fc#JtP^h.ir <tv\ ffi^^fEil-r 

(nx.-'ismizttmmit^mh^-tmmx 
mzxnm mzmx-hi. ttz, ^xv 

w-mikZitfizmwwxmz&biz-fenm 

/l- ^IBIiBOSBg L fc 3fiatiE« L , f ^ Lfc t 
tS-fc^iO- lEii^tt^^tt^^tHL. -refill 

^nb^wx^mtatt zbizx*). 

6. fcc^f. i^r^MESJi. SflktffiaUfcff 
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4 o Z k &&B?t> hZkteWo£X'l>^ -»&\ S5iia 

mzmozkmmmmm^K kzbx\ fx 
nmzx o mm, itHEisttK . i ft**r * 

X^CfcHT. *h£a»<3V'->tiHWU *J«fir<k 
t #y- y w vf iicDftSt*. v ">t t L < 

=flr 4 i 3 fcf5# LfcBrHIZ c A V;fr5££ ffi^i <! k jWff 

*u>. *lt. Siiieii^fr^^mi-^f^TXb 

[0008] ^)i>^jvix%m^tzmmmmv^ 

ktrmmtzzkifim-ch^ti. s&t:, 

fflv * k , flroar«s#^aKit:^ lt nmmmvz 

&mz i h mmm<m\ y**?**? mwau < 5 7 
iea*3sa-f a iziimzmwmmmtfimxh o . 

*#PJtfV V ~^-) n°7 - SrSWtS #T 

wen, «fciiMs^rjwiiiis:fT*ajefS*»*o. 
[0009] zi>iz, mmicTjxrizmmm 

y*TA Xffm&ZSLthWmZWfi-rZk, x<D± 
mm&n&mii, 4 0 0-5 0 0'Ci:#L<i«V^ 

^^X^&£jrpMT£-g>. §&£Ji*Wfctt. 

<ti> u-y-mm^xummumzLZiTiitm 

TrXbfaiM:m>. ^Of-^Ma^Lfv!r-^*S4 

i v—?-mww~m\ffl't& ztizx*). sm 

iEft H ^ >f y * S d k tfX'Z h . $v >ii. 5?£< 

k *> p-if-^^fflv ^xmmwmsiZftommz 

fcwt, £^LftT4X?<0-^i£fcS*k&l>- 



K *<^*k*6frtAlE»LT&SfI^kJ£lfcLT 
fc=Sr< #fcE-tf>iM X<01E8 vm&th Z k 

tfx-Zh. kz<>x\ fo^frttbTjAro-immz 
tmt&&mk%z>s.<D^?->mmk lt. jfm 

v-?mmmmwz®£tfmxh&> m 

& i m&marcz % mm^r ix?xhh> zz 
x\ m*s»t wit. mmmmfiifiMV) 
\ yfix<7)&mizh ^xi>%i<%i£o mm l . $ *> 
mmzit. T4z?i> i mw/-yi l zmzti. *a 
'/-ywzmmiwtfctz z k iz x o tm-ti z t 

; fc Hi; D . 

i\ m&ftzm.ttttiif^zki±^o±Ti>% 
w zzx\ m&m^mkixmmtmzm 
3;t#ifiui. r^^xxhiaiJ^fi^o^ 

*^4x?cnmi^fo<r>Y*4y<»&^zmfL+j:^x' 

Titiaso^T ixyx'fo*). % co^mmm^m 1 1 
xmmvKMmmizm^x'^K z^z&mza 

^wi^om. mmmthmmfc. ta 

^-yt LT. ffl^&jat**fciJ^r^Sr< k (>fti> 
v ^ - y fc ^ t v v t * - y ft*X^£/ \° ^ - y*m 

&ffmx'$>$>. &tz, r * xt'^TzHmzfioco 

kzm^W&Wt-yk LT. fflU4^li^(ci3Vi 
TiJ*5r< k tftt>^vv^~ykfttffi»,v^--y^ 
^V^-y^ffli,\ § UzfflLlzitZW-yZm 

f-w-tm^xmitzzkizx*) . m. 
imz'froMzm^umw-kLx. fa?t^ 

#^ff^^^H>fciE#WN , 7-iL<«±.AV^«B^^W 
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1r&lzt5VX&%< k ifti£vv**-> fc&kjgtvx" 
?->'OfI^»^4M>ffi<oll£&atf-6 -I k fci Off 
t\ fia&feU'W-i: LT^WfcOtfftMtfft'h 
i: J: o ^ie^^-^$ijp-ts £ t iz£ <omm 

>f ymmmm-tina v . £ ; t\ § en L^tf^*- 
mmftf fc LTff±L, f#^ft£S4ft^£-5£i^ 

XXyjxZ'fio Zt lz£ 0 2«MfcU 3&fc«ffifc(± 

*>ts±*4 ; t ic j o mm uz t <ot* s . 

[0010] ^KiiaiEM^lBHiT'ti:. MUtfTiS: 

w w-yzmttmm v&ty~ y*l&t& - 
m^Mizfi&.-ixgSMntzvmzm o aBntz < . 

mzX *®«i7M0GBT«WTT* o . + 

room ifur, i-f-tt^coien^ 

£t*fflf*c:k(cj:»), £8&ff*3S»££iiJ U ^ft 

«> . *mv>TZ nmrm a ^ t c «t o . amoBfi 

8*fr£M»t 4 £ k fcck 0 , isZr&tiWriiX v >4 

wm^i^m.. m^m.mzxhtmm^^m^zm 

[0012] ±lB^t i 0 , a-1f-fflffil*£»f 4 
Itz tZlZTXHmZ'ttoZklz 

»#3S8-cs 4 . dir. iifesftT <x?&ta Me 

&T4X9Zu-T : 4y'/l,tzt%<r)*-Z'hhfrt>. % 

mizmt mm±mfr-eh& <nx\ £m>wm®m 

izitKtiimfrX'foz. 

[00 13] 



mzmvxmtth. t-r, mvtzmt%T<x?m 
wm%*+mm&miiz5j?t. mmtzwmmm 

5. mt. mtis-v 3 yMM*x.>* v?mz 

mmrnie) t «t 0 sua- h L?t . dco «t 3 c lt^ 
l^t -f x ? zmm&twm tix vt mmmmv 

[00 1 43 ^Wj:3CLT^L7tr>f^^ / vf|^$- 

aS*il!Iliif«*Ett$^4fc»<OlEIWE*(101) fc 
!eiMi*IIS^^^a6^^-y K(102) bsft^v K 
(102)^^f#^>il^S4fl^^fffS('^^l»^SS* i 
4flBS$il4. «N? K(1Q2)I2» — f-(108)*^ailf 
$ ft* IBiB* (I0l)±fc« 0 . flm^W 
fiA+J t ^ t' -y (104) IZX11 § 

ft. 1?^ft(l04) J &^ffiA$^SIB^^^iJ^fEIM^ 
4JHl(105)fcifcWi. C*il9R£&»(105)(ZJ:oT4» 

^ft4iEaag^3&*APc(*-hA7-3yhD-5)(i 

06) t=A^l^ft. Ettfir^^ll (CJE tfcJHME* 1 y (10 
8)*»4»ffi* $ft* . fSfgcolfiiif fiEMOEflc(l0l)^<> 

^§ft^3ia«3e»{io9>fc»&»ft., 9$m-%izm 
ztii. zm^iz. iftryraiotTJjSft. jft 

«KS(ll2)(JliW#JS^i#CJCtr»r>r (110)4 

^(±^^^(iii) w ^tifrcowtkm^cD^m m 

^WX«^tS»$ft4. ^<ov^^«#ii, #818 
(115) fcPLL(ftfflo.y?/l— 7*) (114)C»3Wl4. PLL(1 
14) *» £ ifcjj 3 ft * R«Hi^ VP^flr^tfD«*fiBIB t R 

5) u . ±&> wxm t mf&Hpbmsfiw 

L. «#«(117)tJ:r>TT-^ty h?d(««)3&ai^J 
^'JH(115)c7)^£a^?rJ(i. Wj^J8 

ai6)tcaj*$ft4. mfls'j8(ii6){s, &imzm 

ff^i o tlMW5i»*»(103)*»/5.(7>iitU»# r 
-^1WS(104)t:aj*L. 4/1, gCLm#*l^ft^ 
fci^T:i&fM-?.A*«J*)fltiiS(ii2)ii. H^r>r 
(110) ^ffi* *KKS(U3) fclfi*^- 4 i a fcflj OJSi. . 

tt*r% (104) *» ^ <7)ie^^?ij t mm ais) ^ 
tfhz>mm'bz<%->x. HF«7*««ffltKL»** 

7ffi^*iti*-f6. KL»#»Tm^**aj.l3SftT*» 
4. A^«0f»i»(112)lil(gWPfl5»(lll)»ffi*?&B 
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mm (ii6) x-m^m^<mm^mmm 
imx-h izt tmtti J: 3 1 u mx*$ 

M\ s±r v? (no nmz&Jitz * 3 mm 

T* * . ^fJS'JH(116)TlS#I^^J*^^Si^ 

[0015] ±gTaBBLfcie«ii^iaat^Efi«# 

0)T4Z? <9[IH£$tf±3000rpm s !✓ — f -<Oifclt±780n 

*l/C. SSr^tli(l,7)BLL*fflV^. 
SfiW«lir -f X7&)^ vffr*)ffi»c*i L < & 
4J:3lde*«:. *LT, ^cOr^^t^fS^ 

(i> l)--KW<./MPr)£l.5nW. 7 U t — hK/MPas) 
£3.5nW s »lE«^KPwl)Sr5.8*. -£LT, ^2 
EfcU^KPn2)fc6.1iW £IS5£Lfc. 
-Ottli-f -f X? flfff fltJi^ffl l >T ^4tmt«fc 
saws h VX'h 4 . U> L . IE& M >f yiaw&ws: 

xokt&iSvf^JLv vis 7 h m^-mmaT 
tzfM+b <r>£& h 4 <r)\t. m v tm 

■WW-^TWflftSfc. Pwl/Pas, Pw2/Pas, Pwl/ 

Pw2<9Jt#-5&7)iSHi*il;:& 4 £ i: 4 . # < 

^r**?fcoivt::<7)gte»J£L"C*4i:. 1.5<Pwl 
/Pas<1.7, 1.6<Pw2/Pas<1.8, 0.9<Pwl/Pw2<l.M) 

. *<0^OH»»Wi > K.X -f (r 4 x 7 <n 

°C) fcfcWCftO^A-y-fcrt (l,7)RLL^5tSrfflV>T 

4fc*t. CtUis PLL£jW^vvtj«gW:*S#C 
$>4. ;iitJ:4fc, JfC39a:-C* . ifc. 

x y y>7 hm*m&Lt:k z\h. ±2^m\m®x 
mwitztzb. v : -v mnmi&ikx'wuzmxiti. 

ttz. ^7hi,±10ns(£*#<ii*U:.. Z<7)ffl&X\ 
Z\<mWtf 4 xt^XYzmZfttc-itz. fflufcr 



rTxMBilSr^aot^ yM^K^— It ±31 ±6% 

±w% tmk*-£xmmifztzm&*7->km. 

ffMfrt*. LWt%h>VV7Jm:^&>tztz\?>^ z.<n 

m-x'\m.m&& o 5% ui%&-c*4. -e^ 

ha^ll^L^t^^. ±2nsOT«JT^ . 3fctf>* 

it, ttz. mz. imn£.mmAmmmfczo°c'pi t z 
mmttz. TXhnmzft%oz\t%<mwi<zi&z2ii 

J£?65ZKtt*: L-3t . 4fc . > 7 h t ± 15nsfc*S < t| 

[00 16] Z\CV\mx\ Z\cr>%m&T 4 Xflz^Zh 
m&ftteitz. m^tzT*W-y\t. 2Twi:8Twi: 

0>$mLTfo&. z\z\x\ Txhtmz'ttoMz. ^ 

fix^-m ±31 ±6% ±10% fc^-fk^-arTKHLJt 

k % w-yt $&sl> <7 - ycr)\mm^^m 
nmwmtzffl'Vz. rtf-yf%con®M(&v) ztkft 

2M&tSbt:bZ.t>* z\cr>%ftX'ltm§3ift X 0 7% jz 

%<Ltzm^X'hh. zzx\ •n-^mzjwxmt:Wu 
$ ittz$&x'3--f-mmmm mm ix ? yy^ 
7-y*tmhfzkz\z>. : Jv7ii. nmttxiwx* 

ftofc. i^, iv^MfcJKUtUi. ±2n 
[0 0 17] ^HStW^V^-C^4. 

«t±, ?<x7<mmmmm%&%&x°hz>. m^tz 

fflBSUr 4X7\i. %VM 1 Izijktm&WT 4X7 Ik 
m7&frtW&yr4 X7U<7) 2&X T4X71- 
<Wm to \ vz \±ffizW<fz kte*)X*h&. T4X7U 

ti, $mm&<mfomttth Tyxr ? 7 i> l 

#7X(7)iS(l)±(:, BffcS^U 3>'!(2)£7>.A-. y 
tctO^JSLfc. ^W«N0J8J»i75m TA4. fcfc, 
*S^5S4 C fc =5r < MM LT3HKSUE»K(3> *»«L 
fc. KflRilOOrai-CiS. ^LT. St>'. Mfkv U^y 

M(4)^7>.A--y^^ij: Df«u. zmmmmo 
nm -c**. i<oe«aifl*ii*«ii««flaaiJi(6)t 

iOflai^-bUfc. Z<r)i?i,zlXfmUzT4X7 

^mmktfm&zi'ix^&mffim^h oXoiz2 
W)f 4 x 7 ms&m. 0 . 
1 0 0 1 s ] ^ cd 2 ajR^-f x ^ ^ii^iaii^f^ 
vmmsxmiLt:. immm^^tLx^i 

\mm-\iT4X7 I tv-yf-LfcffTfti* 1 ^. z\cr> 
ZkftX'tm Ltzk%cD : Jv7 litttgffltTWteb 0 . 
Xv^7hi{i±2nsUTT'S)-5/;. *C 
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X't 4 X9\ 4 k , 'J y 9 l±ttm^it?50%lZ 
®±Lfz> ttz. =/7hi>±lQnslZ±$<m±lt2* Z 
cr>ttBX\ Z P)%$m>T 4 X 9 [z^X V !E!*£?t& -> 
ft. mvrtzfXYr^-yte^ mkmkeMMLX'fo 

zzx\ r-xhrnmnzomz^ .'vuxmz-m 

±3% ±6% ±10% k^ikZ-tXimUz k £ <T)Wl^ 

PKfc. ^?~ymvmm(Av) mtaitz^m 

8t^-f 0 icomfrb. &V=Qk%&>Wxm£3i!sbtz 

kzb. z^^mmw^ 5i>bz<itz-%i$ 
x-hh. zzx\ w-mitZJvixmmHtz&frx'i-- 
mcommz ix ? yy^9~y^tm ttz 
kzz, it^m. mmitx'S9xxh^tz. tti. x 

•y Vis 7 h*£MS£ LfZkZh. ±2ns^TtTOJT- 

9m=?4X9 i^imuzmstrntizTZtz. z 
<r>i o iz. t -f xtcmmmmmtc^x ^x h^m 
m% o z t iz i o , mzmm&mzx? < x.9^m 
Mi* o m-mkm&zmw mzwmxz * ) .r t # 
t# & „ t 4 x? mmmmmtch t miz, msm 
£M&Rv^mmmmtm%m^xbTX h 
nmzft%ozkiz£y)mzm&mzxT t <x7'^g. 
o m-mAtm.m-mmzm^x $&)zt 

mzm^tz)%£Zffl ! nLtztf. immizmm ix t m- 
wAknmmimmz®&T$ i . 

[0019] (m&M2 ) *»A»c4J^TfflVxfe7 s -f * 

?ii, mmummuzz mmmftmzmmLtz 

XMy^AXcMiyXWfclXz, -Nn-fc/t/n-;*Jf 
£^j£Lft. **>±fc. PbTeSefSffJI£®j£U £gfl 

fc&*> «t a tc+SfiUffc^S J: 3 iz ixmzxtz 
U^r—i-y hM ? f-flfct) bnzm^tz. Z9>9A~rr> 
f^^ii ft£ ftM<7)3ElHMc^T <x9xhh. z 
9>t4 x^izzi.~-f~^m^Mtt^z^tz-oX^x 
h E8£fr$: o ft . w h EUfcEv >ft y - y £ @ 9 
iWiB«i!«IE«KaiBift45()iC"C*4. 

ftfrixtz-?>i^)i>xzm^tz* *mmixu. 

£k LT(l,7)RLL^tiSv-^^|£|f^^ffli,-» 
fto a^^->1i8Tw, SSa-^->-{±2TwT'S) 
4. 7<X7cr>®mmiimrpmX'$)&. ZlX. MM 
) ^9 - vtewm LtzUz , -y £ 51®^® L 

fticOSrljMgBfc IT. AV-^^N'y-Sr^'frt+l 
0%^o-f b L T £g|5T'5 * £o wc fg£§£fr£ o ft . * 
IX. *h£fflE.LXi?vf&VWmM&£itfo. Zti 

4 comtf-fecomaT t * & ieh^ (±t u — r-v t 

7-) 5-giiLft. ^ v^atfflBWMI«S«et:tt^>f A 
4>?-^T-^>r-»f-£fflUft. ^^m. >-'>y^ 

IZXBM I tzm$ . ISS/V -y fc ft^; ^ - >-ct)^*i 



-yi&^f-ycomscrW&mz-Siiibh zt\i. x* 
>y ^M^MH^^ftOi: H-^)»«RVlW«tt* 

xn. ^mmm»mwmRT/mmm»zx m 
frtbtz kzh. mmmtm y*^js$*LT t ^ 

%Zbtfhfr~>tz. #jfc$iiftiE»M>r >i±. ftfiK 

^ft.^-r 4 a rxtisfo mco iivzwizm 

•ftl9)?A79)T4X?X'i>£VK ttZ. m&'Vl'XlZ 

htzttyThl. ZtHzX 0 M>f y«S-^ft^H^T^ 
[0020] 

ztizx*). mzMmmzx t^x? ^mmm a 
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(54) Optical recording method and apparatus, and optical storage medium 



(57) In an optical recording method and apparatus 
of the present invention, a driving power is applied to a 
light source to control emission of a light beam to a re- 
cording layer of an optical storage medium, the driving 
power including a sequence of mark and space portions, 
each mark potion having a pulse width that corresponds 
to a multiple of a period T of a write clock. A multi-pulse 
waveform of each mark portion of the driving power in- 
cludes a front-end portion, a multi-pulse portion and a 
tail-end portion, thefront-end portion having a first pulse 
width t1 with a high-power write level Pw and starting 



from a middle-power erase level Pe, the multi-pulse por- 
tion including write pulses each having a second pulse 
width t2 with the write level Pw and a third pulse width 
t3 with a low-power base level Pb, the multi-pulse por- 
tion having a duty ratio z = t2/(t2 + 13), and the tail-end 
portion having a fourth pulse width t4 with the base level 
Pb and ending at the erase level Pe. The waveform Is 
controlled, when a linear velocity of rotation of the me- 
dium is set in a range from 5 m/s to 28 m/s, such that 
the first pulse width t1 ranges 0.1T to 1T and the fourth 
pulse width t4 ranges 0.2T to 1 .3T. 



FIG.4A INPUT 

SIGNAL 



< 

CO 
00 

m 
o 

CO 



Q. 
LU 



Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 1 130 583 A1 



^tl^ t2 t3 t4 

Pw n 1 I — I I — I I — 

FIG.4B pe — l j 

Pb j I — ' ' — I' — I 

fp mp op 



) 



2 



1 



EP 1 130 583 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of The Invention 

[0001] The present invention relates to an optical re- 
cording method and apparatus that records information 
onto an optical storage medium at a high speed by emit- 
ting a light beam to a recording layer of the storage me- 
dium. Further, the present invention relates to an optical 
storage medium that stores information recorded by us- 
ing the optical recording method and apparatus. 

2. Description of The Related Art 

[0002] Recently, optical storage media, including CD- 
R (compact disk recordable), CD-RW (compact disk re- 
writable) and so on, become widespread. Each storage 
medium is provided for recording information thereon by 
focusing a light beam onto a recording layer of the me- 
dium and changing the phase of the recording layer ma- 
terial. 

[0003] As disclosed in Japanese Laid-Open Patent 
Application No.63-29336, an optical recording method 
that records information onto a recording layer of an op- 
tical recording medium by emitting light to the recording 
layer of the medium is known. In the optical recording 
method of the above document, a light source driving 
waveform is applied to a light source to control emission 
of a light beam to the recording layer of the medium 
based on a write data modulation method. Moreover, 
there Is known an optical recording method that deter- 
mines an optimum light source driving waveform (in- 
cluding the write power and the write pulse width), which 
is applied to the light source, based on a readout signal 
of the recorded information derived from a reflection 
light beam from the optical disk. 
[0004] Further, several optical recording methods 
have been proposed for improvement of the quality of 
the write signal recorded on a rewritable phase-change 
storage medium. For example, Japanese Laid-Open 
Patent Application No.63-266632 discloses such im- 
provement method. In the conventional method of the 
above document, a pulse width modulation (PWM) 
method is utilized for application of a multi-pulse light 
source driving waveform to the light source to control 
emission of a light beam from the light source to a re- 
writable phase-change optical disk having a recording 
layer with a large crystallization speed. The convention- 
al method provides the driving waveform that is effective 
in recording a long amorphous mark on the recording 
layer of the optical disk. 

[0005] In addition, Japanese Laid-Open Patent Appli- 
cation No.63-266633 and United States Patent No. 
5150352 disclose an optical recording method which 
eliminates positional variations of a mark edge and im- 
proves the jitter characteristics of an optical disk by ap- 



plying a driving waveform including a front-end portion 
ora tail-end portion having an increased pulse width or 
with an increased power level to the light source. 
[0006] Further, the rewritable compact disk standards 

s (the orange book, part III, ver. 2.0) provide the recom- 
mended specifications of 1 X to 4X linear velocity record- 
ing of the rewritable recording media. The linear veloc- 
ities 1X to 4X according to the standards (the orange 
book, part III, ver. 2.0) range from 1.2 m/s to 5.6 m/s. 

io The recording speeds of the media in this range require 
a relatively long time to record information onto the me- 
dia. There is an increasing demand for a reliable CD- 
RW drive that is able to carry out error-free information 
recording with good write-erase characteristics at higher 

15 recording speeds. Preparations of high-speed specifi- 
cations of 4X to 1 0X linear velocity recording for the re- 
writable compact disk standards are now under way. 
The linear velocities 4X to 1 0X according to the stand- 
ards (the orange book, part III) range from 5 m/s to 28 

20 m/s. 

[0007] Accordingly, it is desirable to provide an optical 
recording method and apparatus that ensures good 
write/erase characteristics of the rewritable phase- 
change medium and retains the compatibility with the 
25 write-once storage medium when high-speed recording 
(equivalent to the 4X to 1 0X linear velocity recording) is 
performed. The conventional recording methods and 
devices of the above documents are not yet adequate 
to attain the goal. 

30 

SUMMARY OF THE INVENTION 

[0008] It is a general object of the present invention 
to provide an optical recording method and apparatus 
35 in which the aforementioned problems are eliminated. 
[0009] Another object of the present invention is to 
provide an optical recording method and apparatus that 
ensures good write/erase characteristics of the rewrita- 
ble phase-change medium and retains the compatibility 
40 with the write-once storage medium when high-speed 
recording is performed. 

[0010] Another object of the present invention is to 
provide an optical recording method and apparatus that 
provides increases of initial characteristics and over- 
45 write performance of the rewritable phase-change me- 
dium. 

[0011] Another object of the present invention is to 
provide an optical storage medium that stores informa- 
tion recorded by using the optical recording method and 

so apparatus such that good write/erase characteristics of 
the rewritable phase-change medium are ensured and 
the compatibility with the write-once storage medium is 
retained when high-speed recording is performed. 
[0012] The above-mentioned objects of the present 

55 invention are achieved by an optical recording method 
which records a sequence of data blocks onto a record- 
ing layer of an optical recording medium by emitting light 
to the recording layer of the medium and changing a 
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phase of a recording material of the recording layer, the 
method comprising the steps of: applying a light source 
driving power to a light source to control emission of a 
light beam to the recording layer of the medium, the driv- 
ing power including a sequence of mark and space por- 
tions, each mark potion having a pulse width that corre- 
sponds to a multiple of a period T of a write clock based 
on a write data modulation method; setting a multi-pulse 
waveform of each mark portion of the driving power that 
includes a front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a first pulse 
width t1 with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi-pulse por- 
tion including a sequence of write pulses each having a 
second pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio z = t2/(t2 + 13), 
and the tail-end portion having a fourth pulse width t4 
with the base level Pb and ending at the erase level Pe; 
setting a linear velocity of rotation of the medium at a 
controlled speed; and controlling the waveform when 
the linear velocity of rotation of the medium is set in a 
high-speed range from 5 m/s to 28 m/s, such that the 
first pulse width t1 of the front-end portion ranges 0.1T 
to 1T and the fourth pulse width t4 of the tail-end portion 
ranges 0.2T to 1.3T. 

[0013] The above-mentioned objects of the present 
invention are achieved by an optical recording appara- 
tus which records a sequence of data blocks onto a re- 
cording layer of an optical recording medium by emitting 
light to the recording layer of the medium and changing 
a phase of a recording material of the recording layer, 
the apparatus comprising: a light source driver unit 
which applies a light source driving power to a light 
source to control emission of a light beam to the record- 
ing layer of the medium, the driving power including a 
sequence of mark and space portions, each mark potion 
having a pulse width that corresponds to a multiple of a 
period T of a write clock based on a write data modula- 
tion method; a write power determination unit which sets 
a multi-pulse waveform of each mark portion of the driv- 
ing powerthat includes a front-end portion, a multi-pulse 
portion and a tail-end portion, the front-end portion hav- 
ing a first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase level Pe, the 
multi-pulse portion including a sequence of write pulses 
each having a second pulse width t2 with the write level 
Pw and a third pulse width t3 with a low-power base level 
Pb, the multi-pulse portion having a given duty ratio z = 
t2/(t2+t3), and the tail-end portion having a fourth pulse i 
width t4 with the base level Pb and ending at the erase 
level Pe; and a controller which sets a linear velocity of 
rotation of the medium at a controlled speed, wherein 
the controller causes the write power determination unit 
to control the waveform when the linear velocity of rota- i 
tion of the medium is set in a high-speed range from 5 
m/s to 28 m/s, such that the first pulse width t1 of the 
front-end portion ranges 0.1T to 1 T and the fourth pulse 



width t4 of the tail-end portion ranges 0.2T to 1 .37". 
[0014] The above-mentioned objects of the present 
invention are achieved by an optical storage medium 
which stores information recorded by using an optical 
s recording method that records a sequence of data 
blocks onto a recording layer of an optical recording me- 
dium by emitting light to the recording layer of the me- 
dium and changing a phase of a recording material of 
the recording layer, the optical recording method com- 
10 prising the steps of: applying a light source driving power 
to a light source to control emission of a light beam to 
the recording layer of the medium, the driving power in- 
cluding a sequence of mark and space portions, each 
mark potion having a pulse width that corresponds to a 
is multiple of a period T of a write clock based on a write 
data modulation method; setting a multi-pulse waveform 
of each mark portion of the waveform that includes a 
front-end portion, a multi-pulse portion and a tail-end 
portion, the front-end portion having a first pulse width 
20 t1 with a high-power write level Pw and starting from a 
middle-power erase level Pe, the multi-pulse portion in- 
cluding a sequence of write pulses each having a sec- 
ond pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, the mufti- 
« pulse portion having a given duty ratio z = t2/(t2 + 13), 
and the tail-end portion having a fourth pulse width t4 
with the base level Pb and ending at the erase level Pe; 
setting a linear velocity of rotation of the medium at a 
controlled speed; and controlling the waveform when 
30 the linear velocity of rotation of the medium is set in a 
high-speed range from 5 m/s to 28 m/s, such that the 
first pulse width t1 of the front-end portion ranges 0.1T 
to 1 T and the fourth pulse width t4 of the tail-end portion 
ranges 0.2Tto 1.3T, the optical storage medium com- 
& prising the sequence of data blocks recorded on the re- 
cording layer, each data block including first information 
indicative of the first pulse width t1 of the front-end por- 
tion and second information indicative of thefourth pulse 
width 14 of the tail-end portion in the light source driving 
waveform. 

[0015] In the optical recording method and apparatus 
of the present invention, the driving power is applied to 
the light source to control emission of a light beam to 
the recording layer of the optical storage medium, the 

« driving power including a sequence of mark and space 
portions, each mark potion having a pulse width that cor- 
responds to a multiple of the period T of the write clock. 
The waveform of each mark portion of the driving power 
includes the front-end portion, the multi-pulse portion 

50 and the tail-end portion, the front-end portion having the 
first pulse width t1 with the write level Pw and starting 
from the erase level Pe, the multi-pulse portion including 
the write pulses each having the second pulse width t2 
with the write level Pw and the third pulse width t3 with 

>s thebaselevel Pb.themutti-pulseportionhavingtheduty 
ratio z = t2/(t2 + 13), and the tail-end portion having the 
fourth pulse width t4 with the base level Pb and ending 
at the erase level Pe. The waveform is controlled, when 
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the linear velocity of rotation of the medium is set in a 
range from 5 m/s to 28 m/s, such that the first pulse width 
t1 ranges O.ITto 1 T and the fourth pulse width t4 ranges 
0.2Tto 1 .3T. As the front-end edge and the tail-end edge 
of each mark (the amorphous phase) are accurately and 5 
definitely created on the recording layer of the rewritable 
phase-change medium when high-speed recording is 
performed, the optical recording method and apparatus 
of the present invention can ensure good write/erase 
characteristics of the rewritable phase-change medium *o 
and retain the compatibility with the write-once storage 
medium when high-speed recording is performed. The 
optical recording method and apparatus of the present 
invention are effective in increasing the initial character- 
istics and the overwrite performance of the rewritable 15 
phase-change medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Other objects, features and advantages of the 20 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
the accompanying drawings. 

[0017] FIG. 1 is a cross-sectional diagram of one pre- 
ferred embodiment of the optical storage medium of the 25 
invention. 

[0018] FIG. 2 is a diagram for explaining a character- 
istic of storage medium's reflectivity with respect to rel- 
ative velocity and a characteristic of the differential co- 
efficient of the reflectivity with respecttorelativevelocity. so 
[0019] FIG. 3 is a block diagram of one preferred em- 
bodiment of the optical recording apparatus of the in- 
vention. 

[0020] FIG. 4A and FIG. 4B are waveform diagrams 
for explaining a multi-pulse laser driving waveform used 35 
by the optical recording apparatus of FIG. 3. 
[0021] FIG. 5 is a diagram for explaining the depend- 
ence of the write signal asymmetry on the front-end 
pulse width and the tail-end pulse width of the multi- 
pulse waveform. 40 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] A description will now be provided of preferred 45 
embodiments of the present invention with reference to 
the accompanying drawings. 

[0023] FIG. 1 is a cross-sectional diagram of one pre- 
ferred embodiment of the optical storage medium of the 
invention. so 
[0024] The optical storage medium of the present em- 
bodiment is a rewritable phase-change medium (CD- 
RW) in which a recording layer of a phase-change ma- 
terial is formed on a substrate. As shown in FIG. 1 , in 
the storage medium 1 of this embodiment, a substrate ss 
2, a lower protective layer 3, a recording layer 4, an up- 
per protective layer 5, and a reflection/heat-radiation 
layer 6 are provided. The lower protective layer 3, the 



recording layer 4, the upper protective layer 5 and the 
reflection/heat-radiation layer 6 are deposited, in this or- 
der, on the front surface of the substrate 2. Further, an 
over-coat layer 7 may be provided on the reflection/ 
heat-radiation layer 6, and a hard-coat layer 8 may be 
provided on the back surface of the substrate 2. 
[0025] In the medium 1 of the present embodiment, 
the substrate 2 is provided in order to support the re- 
cording layer 4. When a read/write laser beam emitted 
by a laser light source is incident to the substrate 2 of 
the storage medium 1 , the substrate 2 must be trans- 
parent to the incident laser beam having a wavelength 
of the read/write laser beam used. A suitable transpar- 
ent material of the substrate 2 is selected from among 
glass materials, ceramics materials and resin materials. 
Resin materials are more suitable for the substrate 2 be- 
cause of the transparency and the ease of molding. 
[0026] A suitable resin material of the substrate 2 may 
be selected from one of resin materials including poly- 
carbonate resins, acrylic resins, epoxy resins, polysty- 
rene resins, styrene-acrylonitrile copolymer resins, pol- 
yethylene resins, polypropylene resins, silicon-based 
resins, fluorine-based resins, acrylonitrile-butadiene- 
styrene (ABS) resins and urethane resins. In particular, 
polycarbonate resins or acrylic resins are selected as a 
more suitable material of the substrate 2, because of the 
ease of molding, the required optical characteristics and 
the cost effectiveness. A set of guide grooves may be 
provided on the transparent substrate 2. 
[0027] In the storage medium 1 of the present embod- 
iment, the lower and upper protective layers 3 and 5 are 
made of a dielectric material because of the required 
thermal and optical characteristics. A suitable material 
of the protective layers 3 and 5 may be selected from a 
single-component or mixture dielectric materials includ- 
ing oxides of Si0 2 , SiO, ZnO, Sn0 2 , Ti0 2 , In0 2 , Mg, 
ZrO z , etc., nitrides of Si 3 N 4 , AIN, TIN, BN, ZrN, etc., sul- 
phides of ZnS, ln 2 S 3 , TaS 4 , etc., carbides of SiC, TaC, 
B4C, WC, TiC, ZrC, etc., and diamond-state carbon. 
The lower and upper protective layers 3 and 5 are de- 
posited by using physical vapor deposition, sputtering, 
ionplating, orchemical vapor deposition. Because of the 
productivity and the cost, sputtering is selected as the 
more suitable one forthe formation of the lower and up- 
per protective layers 3 and 5. An optimum thickness of 
the protective layers 3 and 5 may be determined in view 
of the required thermal and optical characteristics. Typ- 
ically, the thickness of the protective layers 3 and 5 rang- 
es from 10 nm to 5000 nm. 

[0028] In the storage medium 1 of the present embod- 
iment, the recording layer 4 is made of a phase-change 
material. A suitable phase-change material of the re- 
cording layer 4 may be selected from alloy-based 
phase-change materials including GeTe, GeTeSe, 
GeTeS, GeSeSb, GeAsSe, InTe, SeTe, SeAs, Ge-Te- 
(Sn, Au, Pd), GeTeSeSb, GeTeSb, AglnSbTe, etc. The 
composition of elemental substances in each phase- 
change material may be optimized in accordance with 
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a linear velocity of rotation of the medium. A small 
amount of impurities, selected from substances includ- 
ing B, N, C, O, Si, P, S, Ge, Se, Al, Ti, Zr, V, Mn, Fe, Co, 
Ni, Cr, Cu, Zn, Sn, Pd, Pt, Au, etc., may be mixed with 
the phase-change material of the recording layer 4. 
[0029] Specifically, the selection of AglnSbTe as the 
phase-change material of the recording layer 4 is more 
suitable because it provides definite boundaries be- 
tween crystalline areas and non-crystalline (or amor- 
phous) areas, which suits to a mark-edge recording 
technique (which will be described later) that is used by 
the optical recording method and apparatus of the 
present invention. A small amount of impurities (for ex- 
ample, N) may be added to the phase-change material, 
which allows a margin of the linear velocity of the medi- 
um rotation to be increased. 

[0030] In the storage medium 1 of the present embod- 
iment, the composition of the phase-change material 
(AglnSbTe) of the recording layer 4 is represented by 
the formula Ag a ln p Sb 7 Te g 

0. 1 S a S3. 0 



5. 0 g p g 12. 0 



60. 0 g y § 72. 0 



22. 0 S 5 S 30. 0. 

A desired thickness of the phase-change material of the 
recording layer 4 ranges from 13 nm to 17 nm. With the 
above composition and the above thickness of the 
phase-change material of the recording layer 4, the 
present embodiment can ensure good write/erase char- 
acteristics of the rewritable phase-change medium and 
retain the compatibility with the write-once storage me- 
dium even when high-speed recording is performed. 
[0031] In the storage medium 1 of the present embod- 
iment, the recording layer 4 is deposited on the sub- 
strate 2 by using physical vapor deposition, sputtering, 
ionplating, orchemical vapordeposition. Because of the 
productivity and the cost, sputtering is selected as the 
more suitable one for the formation of the recording lay- 
er 4. 

[0032] Further, in the storage medium 1 of the present 
embodiment, the reflection/heat radiation layer 6 serves 
to reflect the read/write light beam and dissipate heat 
produced during recording. A suitable material of the re- 
flection/heat radiation layer 6 may be selected from sin- 
gle-component metals including Ag, Au, Al, or mixture 
alloys including Tl, Si, Cr.Ta, Cu, Pd, C, etc. Preferably, 
the reflection/heat radiation layer 6 is made of an alumi- 
num-based alloy because of the required thermal and 
optical characteristics and the productivity. A desired 



composition of the material of the reflection/heat radia- 
tion layer 6 and a desired thickness of the reflection/heat 
radiation layer 6 may be determined in view of the re- 
quired thermal and optical characteristics. 

s [0033] In the storage medium 1 of the present embod- 
iment, the over-coat layer 7 is made of a resin material 
containing, as the major component, an optical curing 
resin or an electron beam curing resin. Because of the 
ease of curing and the ease of film formation, a resin 

'0 material containing, as the major component, a UV (ul- 
traviolet ray) curing resin is more suitable for the mate- 
rial of the over-coat layer 7. The film formation of the 
over-coat layer 7 is performed by using a dipping meth- 
od or a spin-coat method. 

15 [0034] In order to conform to the high-speed specifi- 
cations of 4X to 1 0X linear velocity recording for the ex- 
pected rewritable compact disk standards, it is neces- 
sary that the optical storage medium 1 of the present 
embodiment be configured to meet the conditions relat- 
20 ed to the phase-change critical linear velocity (which will 
be called the velocity "vo"). 

[0035] Suppose that a measuring device (or a pickup) 
for measuring the phase-change critical linear velocity 
(the velocity "vo") of the medium meets the following 

2S conditions: the wavelength of a read/write laser beam 
emitted by the laser light source is 789 nm; and the nu- 
merical aperture (NA) of the objective lens is 0.49. Fur- 
ther, suppose that "v" indicates a relative velocity of the 
medium to the optical recording apparatus during the 

30 recording, "vwh" indicates the highest relative velocity 
of the medium during the recording, and "vwl" indicates 
the lowest relative velocity of the medium during the re- 
cording. 

[0036] A measurement power "P E " of the measuring 

35 device (or the pickup) used when measuring the velocity 
"vo" of the medium is defined by the formula: P E = 0.75 
P OH where "P OH " indicates an optimum recording power 
when the linear velocity "v" of the medium 1 is set at the 
highest linear velocity "vwh". 

40 [0037] The measurement of the velocity "vo" is per- 
formed when the medium 1 is moved to the pickup at 
the relative velocity "v" and the pickup emits a write laser 
beam to the medium from the laser light source at the 
measurement power "P E ". At this time, a pulsed light 

45 source emission waveform, which is ordinarily used for 
the recording of conventional phase-change media, is 
not used for the emission of the laser beam. A direct- 
current (DC) driving waveform is used for the emission 
of the write laser beam, and a reflectivity of the recorded 

so portion of the medium is detected based on a reflection 
beam from the medium by a reproducing part of the op- 
tical recording apparatus. The reflectivity obtained at 
this time is indicated by a variable R(v) with respect to 
the relative velocity V. Suppose that the wavelength of 

55 the read laser beam is set at 789 nm. 

[0038] FIG. 2 shows a characteristic of the reflectivity 
"R" of the medium 1 of the present embodiment with re- 
spect to the relative velocity V and a characteristic of 
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the differential coefficient "- dR/dv" of the reflectivity with 
respect to relative velocity "v". 
[0039] As shown in FIG. 2, as the relative velocity V 
increases, the reflectivity "R" decreases from an initial 
saturation point "R A ". When a certain point of the relative 
velocity "v" is reached, the decrease of the reflectivity 
"R" is stopped at a secondary saturation point "R B ". 
Conversely, as the relative velocity "v" decreases, the 
reflectivity "R" increases from the secondary saturation 
point R B , and when a certain point of the relative velocity 
"v" is reached, the increase of the reflectivity "R" is 
stopped at the initial saturation point R A . 
[0040] As is apparent from FIG. 2, the phase-change 
critical relative velocity "vo" of the medium is defined by 
a value of the relative velocity "v" when the differential 
coefficient "-dR/dv" of the reflectivity is the maximum " 
(-dR/dv)max" (the peak point). A margin " Avo" of the 
velocity "vo" is defined by an effective range of the linear 
velocity "v" when the differential coefficient "-dR/dv" of 
the reflectivity decays to half the maximum "(-dR/dv) 
max". 

[0041] In the storage medium 1 of the present embod- 
iment, the phase-change material of the recording layer 
is selected such that it satisfies the following conditions: 

vo 2 O. 7vwh 

where "vo" is the phase-change critical linear ve- 
locity, and "vwh" is the highest linear velocity. 
[0042] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment Is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 Is set to 
satisfy the above conditions), the medium 1 provides 
good write/erase characteristics as well as improved 
overwrite performances when the recording is per- 
formed at the highest linear velocity "vwh". 
[0043] On the other hand, when the medium 1 does 
not meet the above conditions, it provides poor write/ 
erase characteristics as well as undesired overwrite per- 
formances when the recording is performed at the high- 
est linear velocity "vwh". The primary reason is that it is 
difficult that such medium 1 returns the state of a mark 
on the medium with the reflectivity being at the second- 
ary saturation point R B back to the state of a space on 
the medium with the reflectivity being at the initial satu- 
ration point R A 

[0044] Further, in the storage medium 1 of the present 
embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

vo § 3. Ovwl 

where "vo" is the phase-change critical linear ve- 
locity, and "vwl" is the lowest linear velocity. 



[0045] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 is set to 

s satisfy the above conditions), the medium 1 provides 
good mark-formation characteristics as well as im- 
proved overwrite performances when the recording is 
performed at the lowest linear velocity "vwl". 
[0046] The margin "Avo" of the medium 1 indicates 

10 the tendency of deterioration of the recording signal at 
the highest linear velocity "vwh". In the storage medium 
1 of the present embodiment, it is preferred that the 
phase-change material of the recording layer is selected 
such that it satisfies the following conditions: 

15 

Avo/vo < O. 4 

where "vo" is the phase-change critical linear ve- 
20 locity, and "Avo" is the margin of the velocity "vo". 
[0047] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 is set to 
25 satisfytheaboveconditions),themedium 1 provides im- 
proved stability of write/erase characteristics when the 
recording is performed at the highest linear velocity 
"vwh". 

[0048] Further, in the storage medium 1 of the present 
30 embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

0. 1 < R A /R B < 0. 6 
35 A B 

where "R A " is the initial saturation point of the me- 
dium, and "R B " is the secondary saturation point of the 
medium. 

40 [0049] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions, 
the medium 1 provides a good mark/space contrast 
when the recording is performed. 

45 [0050] Further, in the storage medium 1 of the present 
embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

vwh/vwl § 2. 5 

where "vwh" is the highest linear velocity of the 
medium during the recording, and "vwl" is the lowest lin- 
55 ear velocity of the medium during the recording. 

[0051] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions, it 
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makes it possible to perform the constant angular ve- 
locity (CAV) recording of a 1 20-mm diameter optical disk 
(currently the dominating one) in the recording linear ve- 
locities corresponding to the disk recording areas rang- 
ing from 46.5 mm diameter to 11 6 mm diameter. s 
[0052] FIG. 3 shows one preferred embodiment of the ■ 
optical recording apparatus of the invention. The optical 
recording apparatus of the present embodiment is con- 
figured to conform to the high-speed specifications of 
4X to 1 0X linear velocity recording for the expected re- to 
writable compact disk standards. 
[0053] As shown in FIG. 3, in the optical recording ap- 
paratus of the present embodiment, the optical storage 
medium 1 is held on and rotated by a spindle motor 11 . 
A controller (CTRL)1 6 controls the spindle motor 1 1 so ts 
that the linear velocity of rotation of the medium 1 is set 
at a controlled speed. A pickup 12 having a laser light 
source (for example, a laser diode) and optical systems 
(for example, a focusing lens and an objective lens) is 
provided to focus a laser beam, emitted by the light so 
source, onto the recording layer of the medium 1 and 
change the phase of the recording material of the layer. 
The pickup 12 includes a photodetector which detects 
a reflection laser beam reflected from the recording lay- 
er of the medium 1 and outputs a readout signal based 25 
on the reflection laser beam. 

[0054] In the optical recording apparatus of FIG. 3, a 
laser diode driver (LDD) 13 is provided to apply a laser 
driving power to the light source of the pickup 1 2 to con- 
trol the emission of a laser beam to the recording layer so 
of the medium 1. When recording of the medium 1 Is 
performed, the LDD 13 applies the driving power to the 
light source of the pickup 12, and the light source emits 
the laser beam to the recording layer of the medium 1 
to change the phase of the recording material of the lay- ss 
er. When reproducing of the medium 1 is performed, the 
photodetector of the pickup 12 detects the reflection la- 
ser beam reflected from the recording layer of the me- 
dium 1 and outputs the readout signal based on the re- 
flection laser beam. In the optical recording apparatus 40 
of the present embodiment, the readout signal output by 
the photodetector of the pickup 1 2 is used to carry out 
the reproducing of the recorded information , the tracking 
servo control and the focusing servo control. 
[0055] In the optical recording apparatus of FIG. 3, 45 
during the recording of the medium 1 , the readout signal 
output by the pickup 1 2 is supplied to a write power mon- 
itoring unit (WPMU) 14. The write power monitoring unit 
14 monitors the readout signal received from the pickup 
12. A write power calculating unit (WPCU) 15isprovided so 
to calculate the power (or the amplitude) of the readout 
signal and outputs the calculation result (the calculated 
power) to the controller 1 6. The controller 1 6 has a CPU 
(central processing unit), which controls the elements of 
the optical recording apparatus of the present embodi- 55 
ment. As described above, the controller 1 6 controls the 
rotating speed of the spindle motor 12 so that the linear 
velocity of rotation of the rr.edium 1 is set at a controlled 



speed. 

[0056] In the optical recording apparatus of FIG. 3, a 
write power determination unit (WPDU) 17 is provided 
to set a multi-pulse waveform of the laser driving power 
5 that is applied to the pickup 1 2. The controller 1 6 outputs 
a control signal to the WPDU 1 7 based on the feedback 
result (or the calculated power) from the MPCU 15, so 
that the WPDU 1 7 outputs a selected one of a test writ- 
ing power (TWP) set signal and an optimum writing pow- 
to er(OWP) set signal to the LDD 13. 

[0057] In the optical recording apparatus of the 
present embodiment, the pickup 12, the LDD 13, the 
WPDU 1 7 and the controller 1 6 form an optical informa- 
tion recording means 1 B. The optical information record- 
's ing means 18 carries out a mark-edge recording proc- 
ess for the storage medium 1 wherein a sequence of 
data blocks (also called the write information), which 
corresponds to a sequence of mark and space portions 
of the driving power, are recorded onto the recording lay- 
20 er of the medium 1 , each of the mark portions having a 
pulse width corresponding to a multiple of a period (T) 
of a write clock based on a PWM (pulse width modula- 
tion) method. In a case of the rewritable phase-change 
medium (CD-RW), the optical information recording 
25 means 1 8 converts each data block in the write informa- 
tion into a power level and a pulse width in the driving 
waveform by using an EFM (eight to fourteen modula- 
tion) process or another improved modulation technique 
based on the period T of the write clock. 
30 [0058] In the optical recording apparatus of the 
present embodiment, the WPDU 17 sets a multi-pulse 
laser waveform of the driving power in order to control 
the emission of a laser beam by the laser light source 
of the pickup 12 to the recording layer of the medium 1 
as (CD-RW). FIG. 4A and FIG. 4B are waveform diagrams 
for explaining the multi-pulse laser driving waveform 
used by the optical recording apparatus of FIG. 3. 
[0059] FIG. 4A shows the waveform of a 5T input sig- 
nal where T indicates the period of the write clock in 
40 the optical recording apparatus of FIG. 3. The "5T" input 
signal means that this pulsed signal has a pulse width 
that is 5 times the period T of the write clock. In the ex- 
ample of FIG. 4A, the high-level signal portion repre- 
sents "1" of the write information and corresponds a 
45 mark on the recording layer of the medium 1 , and the 
low-level signal portions represent "0" of the write infor- 
mation and correspond to spaces on the recording layer 
of the medium 1. 

[0060] FIG. 4B shows an example of the multi-pulse 
so laser driving waveform that is set by the WPDU 1 7 of 
the present embodiment in response to the input signal 
of FIG. 4A. 

[0061] As shown in FIG. 4A and FIG. 4B, the multi- 
pulse waveform, supplied from the WPDU 1 7 to the LDD 
13, includes a front-end portion "fp", a multi-pulse por- 
tion "mp" and a tail-end portion "op". The front-end por- 
tion "fp" has a first pulse width 11" with a high-power 
write level "Pw" and starts from a middle-power erase 
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level "Pe". The multi-pulse portion "mp" includes, a se- 
quence of write pulses each having a second pulse 
width "t2" with the write level Pw and a third pulse width 
"t3" with a low-power base level "Pb". Suppose that the 
conditions: Pb < Pe < Pw are met. The multi-pulse por- 
tion "mp" has a given duty ratio z = t2/(t2 + 13). The tail- 
end portion "op" has a fourth pulse width "t4" with the 
base level Pb and ends at the erase level Pe. 
[0062] Generally, when one of the markportions of the 
driving power is supplied to the light source of the pickup 
12, a non-crystalline area (the amorphous phase) that 
represents "1" of the write information is formed as a 
mark on the recording layer of the medium 1 by the emis- 
sion of a laser beam from the light source to the medium 
1 . The formation of the amorphous phase of the record- 
ing material on the recording layer of the medium 1 re- 
quires heating of the recording layer to an increased 
temperature above the melting point of the recording 
material and cooling of the recording layer for an ade- 
quate time after the heating. 

[0063] In the waveform of FIG. 4B, the front-end por- 
tion "fp", which has the first pulse width t1 with the high- 
power write level Pw, provides the recording layer of the 
medium 1 with the energy needed to heat it to the in- 
creased temperature above the melting point. The multi- 
pulse portion "mp", which includes the sequence of write 
pulses each having the second pulse width t2 with the 
write level Pw and the third pulse width t3 with the base 
level Pb, provides the recording layer with the energy 
needed to form the mark thereon. Hence, if the first 
pulse width t1 is set at an optimum value and the wave- 
form of the present embodiment is applied, a front-end 
edge of the mark can be accurately and definitely 
formed on the recording layer of the medium 1 . 
[0064] Further, in the waveform of FIG. 4B, the tail- 
end portion "op", which has the fourth pulse width t4 with 
the low-power base level Pb, serves to cool the record- 
ing layer of the medium 1 for an adequate time after the 
heating. Hence, if the fourth pulse width t4 is set at an 
optimum value and the waveform of the present embod- 
iment is applied, a tail-end edge of the mark can be ac- 
curately and definitely formed on the recording layer of 
the medium 1 . 

[0065] It is necessary to take into consideration the 
above points, in order to provide good write/erase char- 
acteristics of the rewritable phase-change media when 
high-speed recording (equivalent to the 4X to 1 0X linear 
velocity recording) is performed. To attain the objective 
of the present invention, the optical recording apparatus 
of the present embodiment is configured such that the 
controller 1 6 causes the write power determination unit 
(WPDU) 17 to control the multi-pulse waveform of FIG. 
4B when the linear velocity of rotation of the medium 1 
is set in a high-speed range from 5 m/s to 28 m/s, such 
that the first pulse width "t1 " of the front-end portion "fp" 
ranges 0.1T to 1T and the fourth pulse width "t4" of the 
tail-end portion "op" ranges 0.2T to 1 .3T. Optimum val- 
ues of the first pulse width t1 and the fourth pulse width 



t4 vary depending on the recording material of the re- 
cording layer of the medium 1 . 
[0066] Experiments have been performed to ascer- 
tain the advantages of the optical recording apparatus 
5 of the present embodiment that is configured as de- 
scribed above. FIG. 5 shows the dependence of the 
write signal asymmetry on the front-end pulse width "t1 " 
and the tail-end pulse width "t4" of the multi-pulse wave- 
form. 

10 [0067] In the present embodiment, the controller 16 
causes the WPDU 1 7 to control the waveform when the 
linear velocity of rotation of the medium 1 is set in a high- 
speed range from 5 m/s to 28 m/s, such that the first 
pulse width 11 of the front-end portion ranges 0.1Tto 1T 

is and the fourth pulse width t4 of the tail-end portion rang- 
es 0.2Tto 1.3T. In order to examine the performances 
of high-speed recording, the experiments are performed 
under the following conditions. 
[0068] A CD-RW disk that is provided in conformity 

20 with the above-described embodiment of the optical 
storage medium of the invention is used for the experi- 
ments, and the CD-RW disk is called the medium 1 . The 
wavelength of a laser beam emitted by the laser light 
source of the pickup 12 in the optical recording appara- 

ss tus is 780 nm. The numerical aperture (NA) of the ob- 
jective lens of the pickup 12 is set at 0.5. A high-speed 
recording of the medium 1 is performed at 9.6 m/s linear 
speed (which is equivalent to 8X linear velocity of the 
rewritable compact disk standards). 

30 [0069] As shown in FIG. 5, when performing the ex- 
periments, the first pulse width "t1 " of the front-end por- 
tion "fp" of the multi-pulse waveform is sequentially 
changed to one among 0.1T, 0.4T, O.TTand LOT, and, 
at the same time, the fourth pulse width "t4" of the tail- 
as end portion "op" of the multi-pulse waveform is changed 
to one among 0.2T, 0.5T, 0.8T, 1 .0T and 1 .3T with re- 
spect to each of the respective first pulse width values. 
By performing the experiments, the dependence of the 
write signal asymmetry on the front-end pulse width "t1 " 

40 and the tail-end pulse width "t4" of the multi-pulse wave- 
form is evaluated. FIG. 5 shows such results of the eval- 
uations. Generally, the write signal asymmetry indicates 
the degree of asymmetry of mark length and space 
length, and it is represented by a normalized value ob- 

45 tained by dividing a difference between the average lev- 
el of the radio-frequency (RF) signal amplitude of the 
longest mark and the average level of the RF signal am- 
plitude of the shortest mark by the RF signal amplitude 
of the longest mark. 

so [0070] The specifications of the rewritable compact 
disk standards provide the requirements: -15 S asym- 
metry S 5. As is apparent from the characteristics of 
FIG. 5, in orderto meetthe requirements, it is necessary 
that the front-end pulse width H t1" of the multi-pulse 

55 waveform ranges from 0.1T to LOT and the tail-end 
pulse width 14" of the multi-pulse waveform ranges from 
0.2Tto1.3T. 

[0071] In another preferred embodiment of the optical 
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recording method and apparatus of the invention, the 
optical storage medium 1 is prepared, in advance, to 
contain a sequence of data blocks recorded on the re- 
cording layer each data block including first information 
indicative of the first pulse width t1 of the front-end por- s 
tion "fp" and second information indicative of the fourth 
pulse width t4 of the tail-end portion "op" in the multi- 
pulse waveform. In the present embodiment, optimum 
values of the first pulse width t1 and the fourth pulse 
width t4 that are suited to a specific phase-change ma- io 
terial of each individual medium 1 are predetermined. 
And, wobbling grooves or the like, carrying both the first 
information and the second information are formed on 
the medium 1 . 

[0072] In the optical recording method and apparatus is 
of the present embodiment, prior to a start of the record- 
ing of the medium 1 , a test writing process is performed 
in which test data blocks are recorded onto a test-write 
region (for example, a power calibration area PCA) of 
the medium 1 and a readout signal is detected from the 20 
test-write region of the medium 1 , the readout signal in- 
dicative of the first information and the second informa- 
tion related to the test data blocks. Further, optimum val- 
ues of the first pulse width t1 and the fourth pulse width 
t4 are calculated based on the first information and the 2s 
second information indicated by the readout signal. In 
the present embodiment, the multi-pulse waveform is 
controlled based on the optimum values of the first pulse 
width tl and the fourth pulse width t4. 
[0073] According to the above-described embodi- so 
ment, the optimum values of the first pulse width t1 and 
the fourth pulse width t4 in the multi-pulse waveform can 
be suitably determined. As the recording of the medium 
1 can be performed In the optimum conditions, the op- 
tical recording method and apparatus of the present em- 35 
bodiment are effective in preventing the occurrence of 
a read error after the recording of the medium 1 is per- 
formed, due to deterioration of the write signal quality of 
the medium 1 . 

[0074] Further, for the sake of convenience of the us- 40 
ers, it is preferred to make commercially available the 
optical storage medium 1 that is formatted, in advance, 
to contain the first information indicative of the first pulse 
width t1 of the front-end portion "fp" and the second in- 2. 
formation indicative of the fourth pulse width t4 of the 45 
tail-end portion "op" in the multi-pulse waveform. The 
formatted medium 1 of the present embodiment pro- 
vides the users with the ease-to-use feature as well as 
good write/erase characteristics of the rewritable phase- 
change medium when the high-speed recording is per- so 
formed. 

[0075] The present invention is not limited to the 
above-described embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention . 55 
[0076] Further, the present invention is based on Jap- 
anese priority application No.2000-058399, filed on 
March 3, 2001 , the entire contents of which are hereby 



incorporated by reference. 



Claims 

1. An optical recording method which records a se- 
quence of data blocks onto a recording layer of an 
optical recording medium by emitting light to the re- 
cording layer of the medium and changing a phase 
of a recording material of the recording layer, com- 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving 
power including a sequence of mark and space 
portions, each mark potion having a pulse width 
that corresponds to a multiple of a period T of 
a write clock based on a write data modulation 
method; 

setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a mufti-pulse portion and a 
tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base leve'l Pb, 
the multi-pulse portion having a given duty ratio 
z = t2/(t2 + 13), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
setting a linear velocity of rotation of the medi- 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that 
the first pulse width t1 of the front-end portion 
ranges O.ITto 1T and the fourth pulse width t4 
of the tail-end portion ranges 0.2Tto 1 .3T. 

An optical recording method which records a se- 
quence of data blocks onto a recording layer of a 
rewritable optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, comprising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving 
power including a sequence of mark and space 
portions, each mark portion having a pulse 
width that corresponds to a multiple of a period 
T of a write clock based on a pulse width mod- 
ulation method; 
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setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level s 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, 10 
the multi-pulse portion having a given duty ratio 
z = t2/(t2 + 13), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
setting a linear velocity of rotation of the medi- is 
urn at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that 
the first pulse width t1 of the front-end portion 20 
ranges O.Uto Hand the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 .3T. 

3. The optical recording method according to claim 1 , 
wherein the optical storage medium contains the 25 
sequence of data blocks recorded on the recording 
layer, each data block including first information in- 
dicative of the first pulse width t1 of the front-end 
portion and second information indicative of the 
fourth pulse width t4 of the tail-end portion in the 30 
waveform. 

4. The optical recording method according to claim 3, 
further comprising the steps of: 6. 

35 

performing a test writing process in which test 
data blocks are recorded onto a test-write re- 
gion of the medium and a readout signal is de- 
tected from thetest-write region of the medium, 
the readout signal indicative of the first informa- *> 
tion and the second information related to the 
test data blocks; and 

calculating optimum values of the first pulse 
width t1 and the fourth pulse width t4 based on 
the first information and the second information 45 
indicated by the readout signal, wherein, in said 
controlling step, the waveform is controlled 
based on the optimum values of the first pulse 
width t1 and the fourth pulse width t4. 

50 

5. An optical recording apparatus for recording a se- 
quence of data blocks onto a recording layer of an 
optical recording medium by emitting light to the re- 
cording layer of the medium and changing a phase 

of a recording material of the recording layer, com- 55 
prising: 

a light source driver unit applying a light source 



driving power to a light source to control emis- 
sion of a light beam to the recording layer of the 
medium, the driving power including a se- 
quence of mark and space portions, each mark 
potion having a pulse width that corresponds to 
a multiple of a period T of a write clock based 
on a write data modulation method; 
a write power determination unit setting a multi- 
pulse waveform of each mark portion of the 
driving power that includes a front-end portion, 
a multi-pulse portion and a tail-end portion, the 
front-end portion having a first pulse width t1 
with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi- 
pulse portion including a sequence of write 
pulses each having a second pulse width t2 
with the write level Pw and a third pulse width 
t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio z = tZ/ 
(t2+t3), and thetail-end portion having afourth 
pulse width t4 with the base level Pb and ending 
at the erase level Pe; and 
a controller setting a linear velocity of rotation 
of the medium at a controlled speed, 
wherein the controller causes the write power 
determination unit to control the waveform 
when the linear velocity of rotation of the medi- 
um is set in a high-speed range from 5 m/s to 
28 m/s, such that the first pulse width t1 of the 
front-end portion ranges 0.1T to 1T and the 
fourth pulse width t4 of thetail-end portion rang- 
es 0.2T to 1.3T. 

An optical recording apparatus for recording a se- 
quence of data blocks onto a recording layer of a 
rewritable optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, comprising: 

a light source driver unit applying a light source 
driving power to a light source to control emis- 
sion of a light beam to the recording layer of the 
medium, the driving power including a se- 
quence of mark and space portions, each mark 
potion having a pulse width that corresponds to 
a multiple of a period T of a write clock based 
on a pulse width modulation method; 
a write power determination unit setting a multi- 
pulse waveform of each mark portion of the 
driving power that includes a front-end portion, 
a multi-pulse portion and a tail-end portion, the 
front-end portion having a first pulse width t1 
with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi- 
pulse portion including a sequence of write 
pulses each having a second pulse width t2 
with the write level Pw and a third pulse width 
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t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio z = t2/ 
(t2 +t3), and the tail-end portion having a fourth 
pulse width t4 with the base level Pb and ending 
at the erase level Pe; and s 
a controller setting a linear velocity of rotation 
of the medium at a controlled speed, 
wherein the controller causes the write power 
determination unit to control the waveform 
when the linear velocity of rotation of the medi- io 
urn is set in a high-speed range from 5 m/s to 
28 m/s, such that the first pulse width t1 of the 
front-end portion ranges 0.1T to 1T and the 
fourth pulse width t4 of the tail-end portion rang- 
es 0.2T to 1 .3T. 15 

The optical recording apparatus according to claim 
5, wherein the optical storage medium contains the 
sequence of data blocks recorded on the recording 
layer, each data block including first information in- 20 
dicative of the first pulse width t1 of the front-end 
portion and second information indicative of the 
fourth pulse width t4 of the tail-end portion in the 
waveform. 

25 

■ The optical recording apparatus according to claim 
7, wherein the controller performs a test writing 
process in which test data blocks are recorded onto 
a test-write region of the medium and a readout sig- 
nal is detected from the test-write region of the me- 30 
dium, the readout signal indicative of the first infor- 
mation and the second information related to the 
test data blocks, wherein the controller causes a 
write power calculating unit to calculate optimum 
values of the first pulse width t1 and the fourth pulse 35 
width t4 based on the first information and the sec- 
ond information indicated by the readout signal. 

An optical storage medium which stores information 
recorded by using an optical recording method that 40 
records a sequence of data blocks onto a recording 
layer of an optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, the optical recording method com- 45 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving so 
power including a sequence of mark and space 
portions, each mark potion having a pulse width 
that corresponds to a multiple of a period T of 
a write clock based on a write data modulation 
method; ss 
setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 



tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, 
the multi-pulse portion having a given duty ratio 
2 = t2/(t2 + 13), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
setting a linear velocity of rotation of the medi- 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that 
the first pulse width t1 of the front-end portion 
ranges O.ITto 1T and the fourth pulse width t4 
of the tail-end portion ranges 0.2Tto 1 .3T, 
said optical storage medium comprising the se- 
quence of data blocks recorded on the record- 
ing layer, each data block including first infor- 
mation indicative of the first pulse width t1 of 
the front-end portion and second information 
indicative of the fourth pulse width t4 of the tail- 
end portion in the waveform. 

1 0. An optical storage medium which stores information 
recorded by using an optical recording method that 
records a sequence of data blocks onto a recording 
iayer of a rewritable optical recording medium by 
emitting light to the recording layer of the medium 
and changing a phase of a recording material of the 
recording layer, the optical recording method com- 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving 
power including a sequence of mark and space 
portions, each mark portion having a pulse 
width that corresponds to a multiple of a period . 
T of a write clock based on a pulse width mod- 
ulation method; 

setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, 
the multi-pulse portion having a given duty ratio 
z = t2/(t2 + 13), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
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setting a linear velocity of rotation of the medi- 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that s 
the first pulse width t1 of the front-end portion 
ranges 0.1T to 1T and the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 .3T, 
said optical storage medium comprising the se- 
quence of data blocks recorded on the record- 10 
ing layer, each data block including first infor- 
mation indicative of the first pulse width t1 of 
the front-end portion and second information 
indicative of the fourth pulse width t4 of the tail- 
end portion in the light source driving wave- is 
form. 
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